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THE TOTAL SYNTHESIS OF RESERPINE* 


R. B. Woopwarp., F. E. BAper,. H. BickeL, A. J. Frey and R. W. KiersTeAD 


Converse Memorial Laboratory, Harvard University, Cambridge, Mass., U.S.A 


For centuries, the Indian snake-root, Rauwolfia serpentina Benth., has enjoyed a 
favorable reputation in its habitat as a valuable medicinal agent. The problem of 


defining the scope of its utility in term f modern Western medical standards was 


complicated by the fact that the plant produces a very large number of closely related 


alkaloids. of which th rese n larger relative measure are not those with the more 
ve years ago, Schlittler first isolated 

new alkaloid was largely responsible for the 
issociated with crude Rauwolfia extract This discovery, 


t which reserpine was suodseqd 


y found to exert upon the 
the alkaloid an important place in the 

ind mental disorders 
ral studies in hand at once, and were 
soon able propose for reserpine the structure MeO, R Me, R 


is a member of the 


ne protoly pe 


mean 
dimensions, and ature has 
constructed the me rs ie yoh bine stereoisomers Ol 


yohimbine itself have far been isolated from natural sources few clues were at 


hand. But by summer of 1955, the Ciba group, and a number of independent investi- 


gators as well, had completed a series of elegant investigations which permitted the 


2657 (1956) 


ind G. Werner 
13, 34¢ cle m. 66, 386 (1954): 
ixton, Quart é Chem. S 10, 128 (195¢ 
: Miller, E. Schlittler and H. J. Be Experientia 338 (1952) 
| Dortman. ¢ } Huebner. H. B. MacPh imy, | schiittier an A. | St André Experientia 9, 368 
(1953) L. Dorfman. A. Furlenmeier. C. F. Huebner, R. Lucas, H. B. MacPhillamy, J. M. Mueller, 
E. Schlittler, R. Schwyzer and A. F. St. André He Chim. Acta 37, 59 (1954) 
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great alkaloidal group of which yohimbine (I: R R R H) is (a 
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elaboration of the full structure (I1]) for reserpine.* The stage was now set for 
rational synthetic efforts. 


From the first, we looked upon the synthesis of reserpine as an exercise in 
stereochemistry. It will be noted that Ring E of the alkaloid ts the site of an unusually 


heavy concentration of asymmetry. Indeed, five of the six asymmetric carbon atoms 


present are there disposed in a single consecutive chain. Consequently, it was our 


design to construct first an assemblage of the type (111), with the five groups attached 


to the single cyclohexane ring suitably chosen in respect to function, and properly 
oriented 
We chose as first step the reaction of vinylacrylic acid with quinone. The addition 

proceeded relatively smoothly in hot benzene solution, to give the adduct (IV 

R H). It will be noted that the newly formed six-membered ring of the adduct 

was destined to become Ring E of reserpine, that it contains already a felicitously 

placed carboxyl group, a double bond of good augury for the introduction of oxygen 
atoms al appropriate positions, and three asymmetric carbon atoms properl\ oriented 

The well-known stereospecificity of the Diels-Alder reaction enabled us to assume 

with complete assurance that the two rings of the adduct were cis-locked, and it was 

only slightly less certain that the hydrogen atom at the third of the asymmetric centers 
created in the addition reaction would be on the same side of the molecular plane 
as those at the points of ring juncture Thus, the only known form of vinylacrylic 
acid possesses a trans \* double bond,” and the combination of that isomer with 
quinone, proceeding through an intermediate (V) of the geometrical type generally 
accepted for the Diels-Alder reaction,” can lead only to an adduct with the stereo- 

chemistry defined in (IV) 

‘C.F. Huebner. H. B. MacPhillamy. E. Schlittler and A. F. St. André Experientia 11, 303 (1955) I 
Wenkert and L. H. Liu /pid 11, 302 (1955) C. F. Huebner and E. Wenkert J. Amer. Chem. Soc. 77, 
4180 (1955) P. A. Diassi,. F. L. Weisenborn, C. M. Dylion and O. Wintersteiner /bid. 77, 4687 (1955) 

van Tamelen and P. D. Hance /hbid. 77, 4692 (1955) 
figuration follows from the oxidation of the acid, by permanganate, to di-tartaric acid (O. Doebner 


h. Chem. Ges. 38, 1141 (1902)) 
*K. Alder. M. Schumacher and O. Wolff Liebigs Ann. 564, 81 (1949); K. Alder Jbid. S71, 157 (1951) 


‘ 
cate. We 
| 
‘ 
ROC 
F 
> 
: 


The total synthesis of reserpine 


Some preliminary studies with the adduct (IV : R = H) served for the characteri- 
zation of various of its functions. With diazomethane. the corresponding ester 
(IV:R Me) was produced, albeit only in moderate yield; addition of diazomethane 


to the carbon-carbon double bond of the ene-dione system was obviously a compli- 


cating factor. Attempts to prepare the ester by acid-catalyzed esterification with 
methanol led only to the aromatic isomer (VI), and emphasized the necessity for 
the use of gentle methods in effecting further elaboration of our key intermediate. 
The ester (IV: R Me) was best prepared by the direct reaction of quinone with 
methyl vinylacrylate. The attack of perbenzoic acid on the ester was expected to, 
and did, involve preferential attack upon the isolated, and consequently relatively 
electron-rich, double bond, with formation of the oxide (VII). In its turn. the double 
bond of the ene-dione system was attacked by hydrogen peroxide in the presence of 


osmium tetroxide with the formation of the diol (VIII) 


one Ol 

doubly 

equiudria Col 
ly 

excluded 


the adduct in tl 5 4 region Fur 

absorption of the characteristic carboxyl type 
11.300 
Finally, 


nhvydride the adduct was converted to a simple 


3 
> 
4 
= 
Me 
- 
Vol. 
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MeOC 
. ri thea > . let } 
The structure of the adduct deserves some further comment in detail at this 
point 1 priori, the poss inother of the ring-chain 
tautomeric species (1X) Ketonic structure 
stability In fact. no e' lolecules, even as minor 
participants in tautomer case ol the free adduct 
In particular, (IX) was e of absorption in the 
infrared spectru 
exhibited stron: 
presence in the 
and 71) indicatec 
Cf. D. H. R. Barton and A. S. Lindsay J. Chem. S 2989 (1951) 
thy 
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mixed anhydride (XI) 


None the less. the facts shortly to be detailed suggest that some kind of inte! 


between the 


cumstances.* 


We now wished to 
placed carbony! ups 
the adduct by sod nod 
we were prepared to 
selective reduction ol 
to estadiish which ol 


carboxyl group and the carbony! 


R. W. KgeRsTeap 


and 
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rather than to a lactol acetate derived from (IX) or (X) 


group at C.5 occurs in certain cu 
find a reaction which would differentiate the two sin ilarly 
(lV R H). and one w $00 found in the reduction ol 
ohvdride water to ed aro ¢ itive (X11) Although 
Isc the opportu ag be prese ted Dy the 
ner ul or co necess ttl pom} 
oups fac Hered ad d 
u i cv) CU UA | im ine 
ne pres ce pce ) al 
| 1) | d a the 
ed | d iro compound 
ed AC (XV) g De p | ed 

the doud | ed cl he ired 
ed a if 


sctone (XIII <= XVI) may serve for the introduction of a 


} 
i? SCC x 4 ao 


conformations (XVII) 


and (XVIII), the hydroxy acid assumes the former, in wi 


2 
4 
= 
ring was evident [ror Vi 
groups in (XID) migh 
a 
‘ (XIV), and thence int 
ga sec a Di 
The formation of the lactone 
‘ a the groups attached to the ring skcicton are disposed in the enerectically lavor ible 
yuasi-equatonial orientation onsequentiy, in order to Dring about lactonization 
\ er = energy musi be pul into the system in order to bring about conversion of the hydroxy 
scheme 
4 
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acid molecules into the less favored conformation (XVIII), with axially disposed 
carboxyl and hydroxyl groups. Conversely, it may be noted that the co-operation of 
those groups in the formation of a lactone function serves to freeze the molecular frame- 
an otherwise réiat el\ unfa orable conformation with lnportant stereo hemical 
consequences for opera on th phery of the molecule \ third theoretical point 
of importance rough igh a consideration of the fact that the addition of 
hydrogen in ‘red > carbonyl group at C.5 of the adduct (IV : R H) 
two bridgehead hydrogen 

iatorial 

iatively groups” 

XVII) would be ned, but it should 


directing 


Ul Ou 


lroadduct (XII XVII) on the convex face. and prefe 
bond, wit ormation of the oxide (XIX) point 


muc! il reaction 
could > reali in the case of the tone In that case, oxidation by 


perbenzoic acid occurred relatively slowly, the consumption of oxidant did not 


bride 

for t sit ambiguities 

irom the rear 


*D. H. R. Barton J. Chen ‘ 1027 (1953) H. R. Nace and nor Amer. Chem 
S24 Si); J. B. Umland and M. L. Jefraim /bid. 78, 2788 (1956) 


* 
> 
be en pnasized in addition that to the extent that Steric tactors are operative P| 
Vol. the reduction, the same product would be expected. For, a// cis decalin derivatives 
10CR 
; Before lea the discussion of the dihydro adduct (XII), some further comment 
excess of the reducing reagent the carbo ‘rroup at C.8 ts not satur d. This result 
was giv anticipated ori iteven now lirely Ciear to whatlil be attributed 
ert tisthatt Acarbony!l grour the more hindered of the two present: 
bul gium Do varias ot notadi\ iD rd iry steric effect nd it seems 
xerts clectrostatic repu ipon the borohvdrid r perhaps 
We turned now to the problem of introducing oxygen atoms at appropriate - 
positions of our Rine | p nC 
acid would attack the a | n- 
tially at the isolated dout of 
torn i in far that de of « decalin derivatives on which the cis 
Lio : the compiler ntary ncare face 
rases as trom the fop side and attack 
Soc. 73, 
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cease after one mole, and no clearly defined products were isolated.* It is clear 
that in both cases. the conjugated double bond is relatively inert to cationoid oxidants 
as a result of electron withdrawal by the directly attached carbonyl group The 
different behavior of the isolated double bonds in the two cases is attributable to the 
fact that in the lactone, the geometrical prerequisites for electron release from the 
isolated double bond to the carboxyl carbonyl group are better satisfied than in the acid 
Thus. in the lactone the relevant carbonyl group is axially disposed, and the opportunity 
for overlap between the electron-deficient = orbital of that group and the z orbitals 
of the double bond is relatively favorable (cf. XX, arrow). In marked contrast, 


the equatorial orientation of the carboxyl group in the hydroxy acid prov 


nteraction (cf. XX1) effects which 


OCCASIOI ran anaiogs 


ror } } 1) he ery } ‘7 
from similar interact betw on-bonded centers ma\ ' asized by 


to the carbonium ion (XXII), w I abilized to such an extent by orbital over! 


that the corresponding toluenesulfonate is solvolyzed one hundred billion times 


rapidly tl 
We considered, but rega 1 as unlikely, the bility that the attack of perben- 
on (X11) might lead directly to a h \ f the type (XXIII) 


zoic acid 


y 


*S Winstein. M. Shatavsky, C. Norton and R. B. Woodward J. Amer. Chem. Soc. 77, 4183 (1955) 


Ve 
4 
AA 
* Further. very striking, « ler th leactivation of t \ louble bond in the ictone 
was fo ¢ ynverted by « le of bron ‘ y-bromo-a, 
4 
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While it is true that unsaturated acids frequently undergo changes of the sort (XXIV 
» XXV) on attack by electron-deficient reagents, it is clear that the equatorial dispo- 


sition of the carboxyl group in the most stable conformational isomer of (XII XVII) 


places that function at such remove from the terminal carbon atom (C.3) of the 


double bond that a concerted reaction of the type under discussion cannot occur. 
Of course, the geometry of the unstable conformational isomer (XVIII) is favorable 
for the concerted reaction, and since conformational changes are no doubt rapid, the 
hydroxy lactone could be formed, if the relevant double bond (A**) of (XVIII) were 
more reactive than the corresponding unsaturated center in (XVII); but the discussion 
of the preceding paragraph indicates that the double bond with the adjacent axially 
oriented carboxyl group will be the /ess reactive of the pair. 

We now came to grips with the problem of opening the 2,3-oxide ring. The 
cleavage of the oxide ring of (XIX) by hydrolytic reagents would be expected to lead 
to a trans diol derivative of the undesirable stereostructure (XXVI), since it is well 


known that the cleavage of cyclohexane oxides proceeds by preference with the 
formation of axial trans diols (cf. XXVII)."° However, it was clear that the opening 
of the oxide could be forced to take the alternative desired direction if the molecule 
of (XIX) could be forced to assume the alternative conformation available to it as 
a cis decalin derivative. Our earlier experience with the lactonization of the simple 
hydroxy acid (XII) had shown us how this conformational change could be realized, 
and we next converted the oxide (XIX) into the corresponding lactone (XXVIII), by 
treatment with acetic anhydride and sodium acetate in benzene. We could now be 


1° D. H. R. Barton and R. C. Cookson Quart. Rev. Chem. Soc. 10, 67 (1956) 
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confident that the hydroxy acetate w hich we obtained from the oxide lactone by the 


action of boiling acetic acid had the desired structure (XXIX XXX). Indeed, in 


the latter, 


resentes 
hydroxy acetate poss 


toward an approf 


rresponding 


sist 
doubt one objectives could 


developments I ther dit r\ ned at this point ind this se 


carried bevond the oxide (XXXII) and the glycol osmate (XXXII) 


prepared from 


XXAI 


discharged by (¢ | t loss of ROH from tl formatior 
prod ct puor 
It may be noted that steric factors prohibit direct enolizauo 


proton 
C.5 or C.9 


4 
+4 
of Ringe f reserpine Vas Soived Further, the 
esses one active hydroge atom. and turther progress 
2 tle tg The further elaboration of the methoxy acetate (XXXI) in the direction of an 2 
1 3 intermediate of the desired general type (III) required the removal of the oxygen atom 
a at C.8, or the Interpolauio of a new methylene oup between C.38 and C.Y No ; 
is EES have been realized, but very favorable 
cs Was not 
a 
oO 
2 
‘ 
a of the observed 
— 
: 
rey 
; 
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the unsaturated ketone by treatment with alkaline hydrogen peroxide, and osmium 
tetroxide in pyridine respectively. 

While the studies of the six-membered lactone intermediates just described 
were in progress, we were at the same time investigating the opportunities presented 
by a series of five-membered lactones, of which (XXXIV) may serve as the prototype. 


} 


This substance was first encountered as the product of the reduction of the simple 


six-membered lactone (XIII) by propoxide in isopropanol. That it 
possessed the structure (XXXIV) rather than that of the proximate reduction product 
(XXXV) was clearly apparent from the presence in its infrared spectrum of a band 
at 5-68 uw. Since direct translactonization by attack of the hydroxyl group of (XXXV) 


upon the lactone carbonyl group Is ster 


ically improbable, it was necessary to presume 


that the lactone ring had first been cleaved by isopropanol with formation of an ester 


(XXXVI), from ch the product (XXXIV) coul 


ould be formed without difficulty. 


This view received support when it was four hat the ester (XXXVII), prepared 


from the corresponding acid (XII) by the action of diazomethane 


like the lactone (XIII), converted smoothly into (XXXIV) by 


in is propanol Finally, the five-membered lactone 


dioxane* was, 
aluminium isopropoxide 
was found to be most simply 
preparable by the direct reduction of the ester adduct (IV : R Me) 

rhe hydroxy lactone (XXXIV) was readily oxidizable by chromic acid 1n acetic 


) to 


e ester (XXXVII) 


by acid-catalyzed esterification of the corresponding acid, crude mixtures were obtained whose ultraviolet 
and infrared absorption was clearly licative of the presence ol lances containing the chromophore 
(vii). It is likely that the aromatization reaction involves prior enolization of the C.8 carbonyl group towards 
C.9; our qualitative observations suggest that substances such as the lactone (XX VIII) in which such enoli- 


zation is sterically prohibited, are more resistant to aromatization than the enolizable analogues 


| 
Vol. 
: 
* Like the adducts (IV), though k sO, Our compounds containing the tem (vi) were susceptibuumm 
aromatization in the pres of ong acids. When ar tempt w nade to prepare th 
~ 
A 
A 
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acid to the corresponding keto lactone (XXXVIII), which was found to be subject 
to remarkably facile reductive cleavage by zinc and acetic acid, with formation 
of the f,y-unsaturated keto acid (XXXIX).* The latter was readily converted to 


x 


the corresponding conjugated isomer (XL) when it was warmed with potassium 
acetate in alcohol. Clearly, these developments suggested a very simple possibility 
for the removal of the unwanted oxygen atom at C.8 in our intermediates, provided 


that a representative of the five-membered lactone series suitably oxygenated at C.2 


and C.3 could be found. Experiments on the direct oxidation of the A*3 double bond 
of the keto lactone (XXXVIII) were not promising since, as in the earlier studies 
with the six-membered lactone (XIII), perbenzoic acid did not differentiate satis- 
factorily between the two oxidizable portions of the molecule.t Thus, the reagent 
was consumed slowly, an integral number of moles of oxidant was not consumed, 


* The «./-unsaturated ketones of the six-membered tor (X11) and (XXXI1), were also 


very readily reduced by zinc and acetic acid, wit he rmation < i und (ix), respectively 


We suggest that the process invoives ittack of Zz “ n atom of the ketonic carbony! group 


arrows) The formation of the unstable p ul urated ton n discharge of the resulting complex 


enolate (Xi), wader essentially irret witions, iS expected 


As on the case of the six-membered lactone (XIII), (eid pra the sluegishness of the \' * bond of 
(XXXVI) ts attributed to electron release from that center a non njugated carbony! group. The 
five-membered lactone may exist in one of two conformator t sresence of three trigonal 
atoms in one Gecmior nm respect to the relative stad tics th tv contormationa sOmers 15 

one of them, the lactone carbony! group is axially oriented with respect to the 
© m the other, the geometry is very favorable for interaction between the a 5 
¢ five-membered lactone (XX XVIII) further resembled the six-membered 
analogue (XIII) ! cked at the unconjugated A*? double bond by iodine and silver acetate in 
acetic acid, with formation of the corresponding :odoacctatc 
“R. B. Woodward Sondheimer, D. Taub, K. Heusler and W. M. McLamore J. Amer. Chem. Sox 
74, 4225 (1952) 
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and the sole isolable product was a substance whose characteristic physical properties 
indicated clearly that it possessed the structure (XLI). 

In these circumstances, it was natural to consider whether the oxide lactone 
(XXVIII), which was an important intermediate in our earlier series, could be con- 
verted into a representative of the five-membered lactone series through reduction 


by aluminium isopropoxide in isopropanol. We anticipated that the lactone would 
first be converted into an hydroxy ester of the type (XLII: R Pr’), that further 
change to an hydroxy lactone (XLIII) would then result, and were cognizant of the 


possibility that the latter might well be converted into an hydroxy ether (XLIV) 


For aluminium iso] > can function as an acidic reagent, capable of labilizing 
the oxide ring for intramolecular attack by a sterically favorably disposed hydroxyl 
group (cf. XLV, arrow the event, all of these changes d t occur, and yet 

(XLVI) 


ites 


the adjacent me yd a rei enn vdroxyl 


group It may be noted that as in the sim] I the ester (XLVII). prepared from 


the correspone ng acid { XTX) by in action ine in dioxane Was ikewise 
converted into tl nsaturated ether (XLVI) on aluminiun propoxide reduction 

We turn now to a discussion of the stereochemistry he formation the unsatu- 
rated ether (XLVI), and of the five-membered lact » series In g ral tis clear 
that the reduction of the carbonyl group at ¢ in either the ester (XLVII). or the 


lactone (XXVIII). will involve addition at the convex face of the molecule, since in 


4 
pelt 
— 
: 
| 
| 
2 
| 
XLV 
Clearly, the lactone carbonyl group of the presumed intermediate (XLIV) activamm 
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both compounds access the carbonvl Troup at the vc very severely 


obstructed (cf. XLVIIl and XLIX). Secondly, t nformation (L) of 


tation of the same group 


reaction, may well 


ay 
Ve 
lear ‘ ALVI} « ™ ( ( ™ Ln 
required 3,5 et kage. Indeed est e should 
lead to a 2.8 oxide 1 * These « lu conclude that the formation 
the lact (XLII), two: econ ‘ Lijand (Lil available 
whose major diflerencc a energy Cs guasi-axial disposition of the 
ne 4 
have the structure (x1) 
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oxide bridge forn 


the 
albeit 


ringstil 


experience, which indicates that five-membered lactone rings fused to a six-membered 


ring are in all simple cases far more stable when the ring fusion is cis than when it 
is trans. Since our lactone was a very stable one, and we could discern in its molecule 
no special factors which could confer special stability on a trans fused bicyclic lactone 


system. we were confident that the substance had the desired structure (LIII). This 


The total 
Ag in the other. Consequently, (LID, in which IEEE ormation is impossible. 
es eee F is undoubtedly the predominant species However, the cleavage of the 2.3 oxide ring 
inve an im inc clectron aden cv at C.2 and and tactors ar to those 
Pete > a which render the A** double bond of ictone (XX) th an adjacent axial carbonyl 
ethylene oxide ring of (LI), as compared it of (LI), whose adjace rbonyl 
7 2 The presenc turated et XLVI) of a double bond conjugated with a 
; required methoxyl group at C.2. W XLVI) reated d ethoxide 
Vol. in methano t wa noothiy transformed int methoxy ether (LII]) The 
9 
+ 
10CR 
ay stereochemical factors attendant upon this change require comment. There was no 
_ doubt that methoxide would attack t ile at 1 C x fac since the 
hindrance to acc e aire decalin 
a ; On the othe ind, dischar f the resu (LIV) by a prot could a priori 
which would KC Od icad to equildratior with ik ion of the more 
Stavdie Of the two isome}l! t was necessary t ittempt to estimate whet er the desired 
lactone (LIII), or tl omer (LV) would be more stable. The study of models 
pointed very st! one direction, Dul did not per tac n of the rigorous 
sort which could be made, for examp ft I X11 Thus, in 
ctone (LIT) Ring E must assu the boat | Fu t was possible, 
with mucti to construct ictone (LV) both carbocyclic 
gum) the chair conformation. Consequently, it was desirable to call upon generalized 
Ve 
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conclusion was confirmed experimentally w hen it was found that the methoxy lactone 


was converted by stannic chloride in acetyl chloride to a simple aromatic methoxy 


lactone of the structure (LVI): clearly the formation of the new five-membered 


lactone ring of (LVI) requires that the ether oxygen atom and the lactone carbonyl 


group of (LIII) be on the same side of the molecule 
In the methoxy ether (LIII) we now had a second, and relatively readily available 


intermediate containing all five of the asymmetric car bon atoms of Ring E of reset pine, 


properly oriented Upon finding that the carbon-carbon double bond of the ether was 


markedly resistant to attack by bromine, we now foresaw the possibility of preparing 


that intermediate by a process even simpler than that just described. The considerations 


3 oxide in the five-membered lactone series 


advanced above suggested that just as a 
was susceptible to concerted cleavage, so a double bond at that position should be 


susceptible to attack by an electron-deficient reagent with concerted intramolecular 


release of the electron deficiency in the resulting intermediate by the hydroxy] group 


at C.5 (cf. LVII. arrows), and indeed, when the si 


(XXXIV) was treated with ne, preferably in ani 
the bromo lactone (LVIII) was produced 
methanol, dehydrobromination occurred 


mple doubly unsaturated lactone 
nert solvent, but even in methanol 


Not surprisingly, when the latter 


readily, and methanol was added ie double bond of the resulting conjugated 
e (XLVI), to give directly the familiar methoxy ether (LIT) 


lacton 


the unsaturated ring (D) assumes the guasi-chair form and the other ring a (slightly 
(1) Attack upon the molecule ts initiated at the convex face by 


distorted) boat forn 


positive bromine Therefore, the most readily accessible transition state for 
hypobromous acid addition is one which leads directly (cf. LX. arrows) to the di-axial 


trans-bromohydrin (LX1). The only possible competitor would be a transition state 


Vc 
¢ 
Z 
1¢ 
a 
Sir 
‘ 
mediate (LITT). W e douDle Don il substance was nol attacked Dy Dromine 
in orororm oO cid al OOT temperature agueous N-bromosuccinimide 
in the presence sulluric ack readily converted the unsaturated ether to 
the nya (I IX Ihe s O ne ) } Vas a cd oO tne 
: following basis: (1) The contort ition of the unsaturated ether is one (LX) in which 
4 
{ 
Lx 
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related to a bromohydrin (LXII), in which Ring D is converted to a boat confor- 
mation. In addition to the usual factors which render boat-like species energetically 
unfavorable relative to alternative chair forms, it may be noted that in the case at 


hand, the methine hydrogen atom at C.2 would offer special obstruction to the processes 


necessary for the formation of (LXII). 
The bromohydrin (LIX) was smoothly oxidized to the corresponding ketone 


(LXIII) by means of chromic acid in acetic acid. We now hoped that the attack of 


or 


a metallic reducing agent upon (LXIII) would bring about reductive cleavage of the 


carbon-oxygen bond at C.8 (cf. LXIII, arrows),* as well as removal of the bromine 


atom and elimination of the 3,5 ether bridge (cf. LXIV, arrows),? with formation 


of the unsaturated keto acid (LXV). In the event, when the bromo ketone was treated 


* The process involved here is of course very similar to that involved in the reductive cleavage of our 


--oxygenated «,-unsaturated ketones (cf. footnote p. 10) 


This reaction may be direct, as implied in (LXIV), but it could well involve prior reduction of the 


a-bromine atom, followed by elimination of the ether bridge in the resulting enolate (xi11) 
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for a very short time with zinc in aqueous acetic acid, acidic products were obtained, 


whose ultraviolet absorption indicated clearly that the desired unsaturated ketone was 


present, but it was also apparent from the intensity of the absorption that substantial 


eser and M A. Romero 


ovel eduction to the saturated keto ac d (| XVI) a cccurred (on the other hanc 
wher ne and acetic acid was used, the desired unsaturated keto acid was 
ag torn very si ool 
; 
| 
| 
LIX 
wee 
2. Amer. Chem. Soc. 75, 4717 (1953) 
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With the obtention of (LXV) our primary objective of preparing an intermediate 
of the general type (III) was completed. After conversion of the unsaturated keto 
acid to (LX VII) by esterification and acetylation, we were ready to effect cleavage of 
Ring D, with the ejection of C.6. Although ring cleavage could no doubt have been 


brought about directly through the use of one of a number of oxidizing agents, we 
chose to proceed with circumspection, and converted the unsaturated ketone first 


into the diol (LX VIII), through reaction with aqueous osmium tetroxide, followed 


by decomposition of the intermediary osmate ester with sodium chlorate. The diol 
was then transformed directly in high yield, without isolation of the labile intermediates 
(LXIX : R H),* (LXIX:R Me), (LXX : R = COOMe), and (LXXI:R 

COOMe), to the lactam (LXXII), through successive treatments with aqueous 


* It may be noted that the aldehyde group is adjacent to an asymmetric center, but is equatorial, and 
consequently configurationally stable. 
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periodic acid and ethereal diazomethane, condensation* with 6-methoxytry ptaminet 
in benzene, and reduction with sodium borohydride in methanol. When the lactam 


was treated with boiling phosphorus oxychloride, it was smoothly converted into 


the quaternary cation (LXXII1), which was reduced directly with aqueous methanolic 


76, 6208 (1954) 
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doxime to 2 a fox | dit é t m dist 
‘ae 
‘oF. ai 
‘ 
‘ . 
the preset of palladized charco o 6&methoxy (xxiv Condensation of the latter 
ee R NH reduced to the desired 6-methoxytryptamine by im aluminium hydride in boiling 
S. Akabori and K. Saito Ber. Disch. Chem. Ges. 63, 2245 
“ Cf. M. E. Specter and W. C. Anthony J. Amer. Chem. Soc. 
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sodium borohydride to d/ methyl-O-acetyl-isoreserpate (LXXIV).* It will be noted 
that that product is the expected one, whether the stereochemical sense of the reaction 
is subject to steric or thermodynamic control. Thus, attack at the convex face of the 
D/E ring system will place the newly added hydrogen atom at C.3 on the same side 
of the molecule as the bridgehead hydrogen atoms. Further, of the two possible 
isomers which might be formed on the creation of a new asymmetric center at ie 
(LXXIV) is the one in which all of the large groups attached to the D/E ring skeleton 


are equatorially disposed (cf. LXXV) 


Only one major task now remained ‘ffect inversion at the newly created 


asvmmetric center. C.3 vi 11 known that a reaction path was available for 


isomerization at a center so located, through treatment \ 7. .+ but it was clear 


LXXIV 


(xxix =* xxx). Still another possibility lies in protonation at , a rive (xxxi), followed by reversible 


ring Cleavage to (XXXII) 
16H. B. MacPhillamy, C. F. Huebner, E. Schlittler, A. F. St. André and P. R. Ulshafer J. Amer Chem. 
Soc. 77, 4335 (1955) 
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that it would not be operative in the case at hand, since C.3 in (LXXIV LXXV)is 
configurationally stable. However, if the molecular framework of (LXXV) could be 


forced to assume the alternative conformation (LXXVI). available to it in virtue of 


3 would be axial, and 
ti bic vclic 
ormational 


about 


XAXVIT) ol ry Ac | (| XXIV) was 


acid was converted 
LXAAVITL) by treatment with 


try asingic molar pro- 


| Further, as expecte n the basis of the 


por Of a 


argument set out above, the lactone (LXXVIIT) was substantially quantitatively 
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isomerized by pivalic acid* in boiling xylene to d/ reserpic acid lactone (LXXIX 
LXXX). Following known reactions” in the natural series, the latter was converted 
by methanolysis to di methyl reserpate (LXXXI), and thence, by treatment with 


3,4,5-trimethoxybenzoyl chloride in pyridine, to d/ reserpine (LXXXII = II). 


1e racemic reserpine thus obtained was readily resolved by taking advantage 


high crvstallinity and low solubility, in methanol, of | reserpine a camphor- 
The infrared and ultraviolet spectra of the synthetic / reserpine were 
s with those of the natural alkaloid. Other properties of the 
natural bases are summarized in Table | 


EXPERIMENTAI 
Melting points other 


erwise stated, were determined a micro hot-stage 


acuated Py apilli tubes: the melting 


Those marked “(vac were taken in ev 


points observed for reserpine, and many related substances, are higher, sharper, 


acuo, than when taken on the hot-stage, 


Ultraviolet spectra were measured in ethanol solution. 
Infrared measurements were used for control purposes throughout this investi- 
gation, and spectra 


and more reproducib e, when observed in 
or in open-cnace 


ics 


of all pure substances prepared were determined. Spectra are 
ordinarily recorded here only for substances in t 


ve synthesis. In each 


1¢ main line of the 
2 uw). and the ordinate 


case, the abscissa is plotted in wave lengths (2-1 in percentage 
For other substances, pertinent features of the spectra 
are described textually where desirable 


transmission (O-100 per cent) 


* Acetic acid, and occasionally mineral 


acids, have ordinarily been used in brir 
isomerizations. We 


ging about similar 
chose piva . first order to have a catalyst with boiling point close to that of 
our solvent, but mainly to suppress side reactions 


nvolving cleavage at N"(—- N 
the lactone ring (-+ O—COR) All such 


reacvions 


COR) and openirg of 
volve reaction at the carbonyl! group of the acid 
catalyst, and will be relatively difficult with the highly hindered carbonyl function of pivalic acid 
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= 
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TABLE 1 
| 
M.p. (vac.) (CHCI,, « 1-08) 
a eserpirs 6-0) 62-0” (dec.) 
| ner ‘ 1”) 
reserpine 784-0-285-0 dec.)* 
* Mixture m.p. 28 
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Synthesis of 6-methoxytryptamine 
2-Nitroanisaldehyde. The following solution of formaldoxime (10 per cent) was 
prepared Paraformaldehyde (69 g) and hydroxylamine hydrochloride (158 ¢) were 
heated with water (1020 cm’) until a clear solution was obtained. Sodium acetate 
(306 g) was then added, and the reaction mixture was kept under gentle reflux for 
1520 mir The solution was cooled to 10° and 6¢ of sodium sulfate, 37:5 ¢@ of 
copper sulfate and a solution of 990 ¢ of sodium acet: 1 L[OSO cm 
added it le ‘ |. three necked lash 
chloride hi 
suspel 
in a 
ice (O14) 


al 5 


added 


Cause 


petroleum ether, m.p. 95°5—96 

ina al lor C.H.O.N C. 53-04: H. 390: N 
H, 4-19: 

The dinitrophenyihydrazon allize nce from glacial acetic acid/ethano 
(2 : 1) and three times from nitrobenzene, melted at . 223 

Anal. Caled. for C,,H,,O;N: C, 46°54; ‘ 7 , 19°39. Found: C, 46°80: 
H. 3-08: N. 19°63 

Dinitro-4-methoxystyrene mixture of 2-nitroanisaldehyde (10 g), nitro- 
methane (10 cm*), ammonium acetate (4 g) and glacial acetic acid (40 cm*) was heated 
under reflux in an atmosphere of nitrogen for 2 hr. The hot dark-red solution was 


slowly poured into 200 cm?’ of ice water with vigorous stirring The styrene was 


precipitated as an oily brown material which slowly solidified. The mixture was 
stirred for 3 hr and then filtered. When the filter cake was washed well with water 


and dried in vacuo, 11 g of amorphous brown crude styrene were obtained. The 
material was dissolved in chloroform, washed once with saturated sodium bisulfite 
solution, twice with saturated brine, and dried over anhydrous sodium sulfate. 
It was then heated under reflux for a few minutes with Norite and filtered through 
Celite. The filtrate was concentrated to a small volume and petroleum ether was 


; 
| 
a 
> 
ey oe | The dark-red solution was filtered through glass wool, and a solution o 
tat IRS ter era nfil 1) ful " tral 
sodium acetate (! g) water | was added until the mixture was neutra 
1 
to Congo papel | O dia7z7onium ae was 
oe yw the surface « e formaldoy e solu vith vigorou he 
was precip tea aS a Gark-Drown tar W ‘ slowly 
Gu NCAVY Sul was continued ik ic e add ) yas compicte 
lor at a cd Wit Sita | ut ae LU ¢ 
dist on coo Ihe first fraction of dist il isu tained a ¢ sideradic 
amount nitroa WwW. Mm.p. 34 was separated [rom tne 
, 
desired aldehvde i tireal ent Ihe stea gist Lite was ci ued until 
no mor ildehyde separated trom the distillate The a genyae wa ected 
‘ wasned with wale ddred. One hundred and seve gran a 
ke m.p. 95-96 were obtained For anal is the aldehyde was recrystallized four tumes 
‘ 
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added to bring about crystallization of the product. After 2 hr at room temperature, 
8g of 2,/-dinitro-4-methoxystyrene, m.p 103°, was collected. For analysis the 
substance was recrystallized four times from chloroform/petroleum ether, appearing 
as beautiful long yellow needles, m. p 103-104 

inal. Caled. for C,H,O,N,: C, 48-22; H, 3-60; N, 12°50. Found: C, 48-30; 
H, 3-59: N, 12-53 

6-Methoxyindole. 2,$-Dinitro-4-methoxystyrene (25 g) was dissolved in ethyl 
acetate (281 cm*). To this solution, 31 cm* of ethanol, 35 cm?® of glacial acetic acid 
and 2:5 g of palladium/charcoal( 10 per cent) were added. The mixture was reduced 
with hydrogen under a pressure of 50 Ib/in*. The consumption of hydrogen was very 
rapid, and the reaction strongly exothermic. When the reduction was complete, 
the mixture was filtered through Celite. The filtrate was added with stirring to a 
mixture of ether and saturated sodium bicarbonate solution. The two phases were 
separated, and the ether phase was extracted several times with water to remove 
ethanol. acetic acid and ammonium acetate. The ether solution was then dried over 
anhydrous sodium carbonate, and concentrated to approximately 30cm*. When 
petroleun ether was added to the concentrate, crude 6-methoxyindole was precipitated 
as a brown crystalline mass which was collected after 2 hr (11g). Thecrude indole was 
dissolved in ether, and the ethereal solution was filtered through a column of 75 g of 
basic aluminium oxide (Merck, activity I). The filtrate was concentrated to a very 
small volume and petroleum ether was added. Pure. almost colorless 6-methoxyindole 
(9g), m.p. YI ervstallized readily. For analysis the substance was recrystallized 
three times from petroleun ether, m.p 9|-92 . 


ina Caled. for C,H,ON: C, 3-45: H. 6°16: N, 9°52. Found: C, 73°53; 
H, 6°34; N, 951 


Ultraviolet spectrum: A/ 220 mu (¢ 29.100). 267 mu (e 4100), 292 mu ( 5370) 
-6-Methoxvine rlyoxylic acid chloride. 6-Methoxyindole (20 g) was dissolved 
in anhvdrous ether (400 cm*) with shaking. Oxalyl chloride (20 cm”) was gradually 
added at 0 The bright-red product crystallized readily After 30 min at O-, it was 
collected and washed liberally with ethet [Twenty-nine grams (90 per cent) ol the 


chloride n p 125 128° (dec.) - 150-165 were obtained 

tnal. Caled. for C,,H,<O.NCI: Cl, 14:90. Found: Cl, 14°36 

-6-Methoxvindolyl-¢ vvlic acid amid }.6-Methoxyindolyl-glyoxylic acid 
chloride (29 g) was added gradually with vigorous stirring to 500 cm”* of concentrated 
aqueous ammonia. Reaction took place nstantaneously with formation of the yellow 
amide. After the addition was complete, stirring was continued for 30 min at 40-50 
The mixture was then cooled to 10—20°, and the product was collected (24 g, 90 per 
cent). For analysis the amide was crystallized four times from tetrahydrofuran ether 
m.p. 258-259 


Caled. for C,,H,O,N.: C, 60°54; H, 462; N, 12-84. Found: C, 


inal 
60°54: H, 4-66; N, 12-82 

6-Methoxytryptamine }-6-Methoxyindolyl-glyoxylic acid amide (20g), dried 
in high vacuum, was dissolved in 600 cm® of anhydrous tetrahydrofuran under gentle 
reflux in a 3 |. three-necked flask equipped with stirrer, reflux condenser, and dropping 
funnel. The entire reaction was carried out in an atmosphere of nitrogen. To the 


solution of the amide, fresh lithium aluminium hydride (20 g) slurried in 400 cm® of 
anhydrous tetrahydrofuran was added carefully in small portions. The orange-red 
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mixture was kept under gentle reflux overnight. The reaction vessel was then cooled 


in ice, and | kg of methylene chloride was added. Excess lithium aluminium hydride 
was destroyed with wet tetrahydrofuran. Water was then added until the precipitated 
hydroxides formed large lumps. The mixture was filtered through Celite and the 
filter cake was washed with | kg of methylene chloride. The filtrate was extracted 
with a total of 1-41 of 10 per cent aqueous acetic acid, in four portions. The acetic 
acid extract was concentrated somewhat in vacuo to remove organic solvents. It was 
then refluxed for 5 min with Norite, under nitrogen, filtered through Celite directly 
onto ice, made alkaline with sodium hydroxide, and extracted several times with 
methylene chloride. The methylene chloride extract was washed twice with saturated 
brine and dried over anhydrous potassium carbonate. When the solvent was re- 
moved, 11 g (63 per cent) of crude crystalline 6-methoxytryptamine were obtained. 
For purification, the base was dissolved in a small amount of methanol and brought to 
boil. The boiling methanol was then gradually displaced by hot benzene. When 
} 


\Oxytryptamine crystallized in beautiful silky, 


the mixture was cooled, the pure 6-met 


ly 
was crystallized three 


almost colorless, needles, m.} 142 For analysis t! 
times from aqueous methanol, m.p. 140-141 
inal. Caled. for C,,H, 69-44; H, 7-42: 73. Found 
H, 7-56: N, 14-80 
Ultraviolet spectrum: A/ 27 4620), 293 mu 
The corresponding /yd 
at 221-223 


inal. Caled. for C,,H,,ON 
Found: C, 58-27: H, 6°91: N., 


Preparation and characterization of the a ts (1V) 
Cis-5, 8-diketo-| 4 5.8.9 1O-/r Yai iapnihalene-\|-ca C a dilly R H) 
Vinylacrylic acid is a sensitive substance, whose isolation in a pure state is attended 


by severe losses. Further. the pure acid cannot be kept more than a short time 


serious decomposition sets in. In these circumstances, we found it convenient to use a 
freshly prepared crude solution of vinylacrylic acid for the addition reaction with 
quinone. It should be mentioned, however, that reactions on a small scale, using pure, 
isolated, vinylacrylic acid, gave the adduct (IV) in yields comparable with or rathe1 
better than that described below. The following procedure for the preparation of the 
vinylacrylic acid solution is patterned after that of Kohler and Butler.'* 

The condensation of malonic acid with acrolein was carried out in three identical 
separate batches. In each, 2000 g of malonic acid were added to 4-51. of pyridine 
(technical, containing 0-5 per cent of water) with vigorous stirring. After about 40 min 
the major part of the malonic acid had dissolved. The mixture was then cooled to 10 
in an ice-cold bath, and 1333 g of acrolein were added at such a rate that the tem- 
perature did not exceed 12°. The addition was complete in about 90 min; stirring 
was then continued for 3 hr at 0° and subsequently for 5 hr at 35-40°. (The reaction 
mixture is very viscous at 0° and becomes fairly mobile at 35-40°.) At the end of the 
stirring period, the three batches were combined and slowly added to 131. of a 50 


% E. P. Kohler and F. R. Butler J. Amer. Chem. Soc. 48, 1041 (1926). Cf. also O. Doebner Ber. Drsch. 
Chem. Ges. 35, 1137 (1902); K. Alder and W. Vogt Liebigs Ann. 570, 196 (1950). 
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per cent (v/v) aqueous solution of sulfuric acid at —5°, with stirring, and at such a rate 
that the temperature did not exceed 15—20°. The mixture, which was acidic to Congo, 
was filtered through Celite. The clear yellow filtrate was extracted six times with 
ether (three times with 7 gal and three times with 3 gal each). The ether extracts 
were twice washed quickly with water, dried over anhydrous sodium sulfate, and 
concentrated to 3 gal. Six gallons of benzene were then added, and the mixture was 
again concentrated to 3 gal. 

Three and one-half kilograms of quinone (Eastman Kodak Practical, recrystallized 
by Soxhlet extraction with octane; if large crystals of quinone are present, the 
material should be ground before use), dissolved in 2 gal of benzene, were added to 
the above benzene solution of vinylacrylic acid. The mixture was heated under reflux 
for 3 hr, and then filtered hot (c. 45—50°). The filter cake comprised 2-3 kg of grey 
crude adduct. The benzene mother liquors were concentrated at normal pressure to 
c. 1-5 gal and again filtered hot. This second filtration gave a further 700 g of adduct, 
black in color. The filtrate was discarded. The combined fractions of crude adduct 
(3 kg) were dissolved under reflux in a mixture of 301. of pure acetone and 301. of 
pure methanol. Norite (450 g) was added to the clear, dark-red, solution, and the 
mixture was kept under reflux for 10 min. It was then filtered hot and under pressure 
through a large-diameter filter, pre-coated with Celite. During filtration, the solution 
was kept at about 50 rhe filtrate was cooled to 10-15°, and 701. of pentane were 
added gradually, with stirring. The adduct crystallized readily in almost colorless 
small prisms. The mixture was stirred at 10-15° for 3 hr and then filtered. The 
filter cake was washed with acetone/pentane (1 : 2) until it did not darken on exposure 
to air. The product was then washed with pentane, and air dried. Yield: 2 kg, 
m.p. 215-225 

he adduct could be recrystallized readily by addition of pentane to its solutions 


in acetone, ethyl acetate, chloroform, or acetone/methanol mixtures. or from tetra- 


hydrofuran/ether After two crystallizations from the latter solvent. the air-dried 


material had m.p. 223-229 Although no sharp-melting sample of the adduct was 
ever obtained, a fourteen-plate counter-current distribution of once-crystallized 
material, m.p. 215-225", using 70 per cent aqueous methanol versus chloroform ethyl 
acetate (1 : 18) revealed no significant amount of any contaminating substance 
For analysis the adduct was twice crystallized from water, m p. 215-225". 
inal. Caled. for C,,H,,O,: C, 64-07; H, 4:89. Found: C, 63-91: H, 5-00 


Ultraviolet spectrum: 224 11,300) and 355 mu (e 71) 
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The methyl ester (IV : R = H) was prepared either by methylation of the acid 
adduct (IV: R H) with diazomethane, or by reaction of quinone with methyl 
vinylacrylate. Neither of these methods was investigated extensively with a view to 


determining optimum conditions 
Method (a). Two grams of the adduct (IV: R H) were dissolved in 50 cm® 
of methylcellosolve and treated on 0—5S° with 1-2 moles of ethereal diazomethane 


solution. The reaction mixture was allowed to stand for 15 min at 0° and then for 
2 hr at room temperature. It was then evaporated to dryness in vacuo When the 
residue was extracted several times with boiling ether, 300 mg of crystalline starting 
material remained undissolved. The combined ethereal extracts were shaken with 
ice-cold sodium bicarbonate solution, dried with sodium sulfate, and taken to dryness 
in vacuo. When the residue was crystallized from ether, 910 mg of thick glassy prisms 
of the desired ester, m.p. 103-104", were obtained. For analysis this material was 
dried for 5 hr at 60 in high vacuum 
inal. Caled. for C,.H,,O,: C, 65-44; H, 5-59. Found , 65-07; H, 


Ultraviolet spectrum: A,,,, 223 my 10,670) 


When the mother liquors from the above preparation were allowed to stand, a 


considerable amount of crystalline material separated. When this was washed with 


benzene and crystallized from methanol, it had n 168—170°. and was shown to be the 
aromatic ester (V1) (see below) 

Method (b). Methyl vinylacrylate, b.p. 57-58°/25 mm (nj) 1°4797), was prepared 
by esterification of crude vinylacrylic acid, obtained by evaporation of the benzene 
concentrate, whose preparation 1s described above. by boiling in methanol containing 
sulfuric acid for 3 hr. A sample of the ester so obtained (63 ¢) was heated under reflux 
for 10 hr with 70 g of quinone in 200 cm® of benzene. The reaction mixture was then 
shaken successively with aqueous sodium bisulfite and dilute aqueous potassium 
hydroxide During the last of these separations, 34g of a colorless solid, m.p 
120-125", separated, which was crystallized from acetone/ether, m.p. 125 126 
This substance was shown to be a molecular compound of the desired adduct ester 
(IV: R Me) with hydroquinone 

inal. Caled. for C,,H,.0,-C,H,O,: C, 65-44; H, 5:50; OMe, 9-4 Found: 
C, 65:24; H, 5-63; OMe, 10°58 

The ultraviolet and infrared spectra of the substance were composites of those 


of hydroquinone and the ester (IV: R Me). When the material was dissolved in 
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methylene chloride and shaken with ice-cold dilute aqueous potassium hydroxide, 
the ester (IV: R Me) was recovered from the methylene chloride phase. This 
procedure for the separation of the components was attended by considerable loss, 
and undoubtedly does not represent the best method for recovering the desired ester 
from the molecular complex. 

The filtrate from the separation of the molecular compound was further washed 
with dilute aqueous potash, then with water, dried over sodium sulfate, and evaporated. 
When the residue was dissolved in benzene and allowed to stand, 13 g of the aromatic 
ester (VI), m.p. 170-172", separated. After removal of this material, the filtrate was 
concentrated in vacuo, dissolved in ether, and seeded with a specimen of the ester 
(IV: R= Me). Overnight, 10-2g of the ester (IV: R = Me), m.p. 98-103 
separated 

5,8- Dihyvdroxy-|,4-dihydronaphthoic acid methyl ester (V1). The adduct (IV: R 
H) (500 mg) was suspended in 4 cm* of methanol. The reaction mixture was saturated 
with hydrogen chloride at 0°, and allowed to stand overnight. The solution was then 
taken to dryness in vacuo, and the residue crystallized by trituration with ether 
Recrystallization from methanol/ether gave colorless needles, m.p. 168-170 

inal. Caled. for C,,H,.0O,: C, 65-44; H, 5-50. Found: C, 65-09; H, 5-66 

Ultraviolet spectruM: Armas 210 mu (e 7090) and 7 294 mu (e 3710) 

rhe infrared spectrum (CHCI,) displayed sharp phenolic hydroxyl absorption 
at 3-00 uw, and an ester band at 5-83 u 

Diketo-1,4,5,6,7.8,9, 10-octahy« maphthoic acid. When the adduct (IV 


H) was reduced with zine and the conjugated double bond (A' 
reduced. The adduct (IV: gs) was dissolved in a mixture of 40 cm? 
acetic acid and 20 cm® of water. Four grams of 

over a period of 10 min, and the stirring was continued fot 

zinc was then removed by filtration, and the filtrate was concen 

about 4cm’. The material which separated was dissolved in chlor 


from some insoluble matter, and concentrated to dryness. Crystallization from 


chloroform gave 860 mg of crystalline solid, m.p. 154-5-158 After recrystallization 
from acetone, the melting point was 159-160", and was not elevated by further 
recrystallization 

inal. Caled. for C,,H,.0O,: C, 63-45; H, 5-81. Found: C, 63-03; H, 5-95 

This compound showed no high intensity absorption in the ultraviolet above 
210 mu 

rhe infrared spectrum (CHCI,) in the carbonyl region possessed only a single 
rather broad band (/,,.. 5°85 

{cetvlation of the adduct (1V: R H). The adduct (IV: R H) (100 mg) was 
dissolved in 6cm* of a solution of acetic anhydride containing 3 per cent of acetyl 
chloride, and allowed to stand at room temperature for 7 hr. The reaction mixture 
was then taken to dryness in vacuo at 70°. The crystalline residue was washed thrice 
with cold ethanol and recrystallized three times from acetone/ethanol. Thirty-five 
milligrams of the mixed anhydride (X1) were obtained as fine colorless needles, 


m.p. 120-122". For analysis, the material was dried for 6 hr at 60° in high vacuum. 
Anal. Caled. for C,,H,O;: C, 62°90; H, 487. Found: C, 62-79; H, 5-18. 
Ultraviolet spectrum: A,,,, 224 my (e 8970). 

The infrared spectrum (CHCI,) possessed bands at 5-48, 5-68 and 5-90 w. 
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Oxidation of the ester adduct (IV: R = Me) by perbenzoic acid. The ester adduct 
(IV: R Me) (440 mg) was dissolved in 4 cm® of benzene and treated with 4 cm* 
of a 0-63 M solution of perbenzoic acid in benzene After it had stood for 20 hr 
at room temperature, the reaction mixture was shaken successively with dilute 
aqueous sodium iodide. sodium thiosulfate, acetic acid, and sodium bicarbonate 
It was then dried over sodium sulfate and concentrated in vacuo. When the residue 
was twice crystallized from benzene/ether, 244 mg of the oxide (VII), m.p. | 36-139 
were obtained as colorless needles. For analysis, the substance was crystallized further 
from chloroform/ether (m.p. 140-141") and dried at 60° in high vacuum for 5 hr 

inal. Caled. for C,.H,,O C. 61-01: H. $12. Found: C, 61-06; H, 525 

Ultraviolet spectrum: A,,,. 221 my (¢ 10,380) 

The infrared spectrum (CHCI,) possessed bands at 5-73 and 5-90 

Hydro tion of the oxide (VU). The oxide (VII) (600 mg) was treated with 


$0 cm* of a solution prepared by shaking 3< of perhydrol (30 per cent) with ‘ 
100 cr of ether and dry y wil sodium sullate After addition of 20 « of Denzene 


After stand for 3/7 hr at ro had deposited 


vetals i by hilt md wa ed wit When 


Cis-5-hydroxy-8-keto-1,4,5,8,9,10-hexahydronaphtl cid (XU). Three hundred 
grams of the adduct (IV: R H) were s ed with 2000 cm*® of water, and 
hi i or erams « hic rbonate 
ol water were iddcd Au ive yi acetate 


ill of 


the adduct had dissolved, 35 ¢ of sodium Dor dride, dis ed in water, were added 
ind 1 tur as then si if tal OOO cm”) 


was then added, and tI : ion was acidified to Cx with 20 per cent aqueous 


i with a sample of the dihvdro derivative 


and stirred at U ior al mir gcguct whi separated was removed 
and washed with < 2000 cn | water Atte : ne been dr ed. tl crude n iterial 
weighed 220 Ethyl acetate (500 cm*) was then added to the mother liquors, and the 
two phascs were sepa! ited The dark-colored rganic phase was d scarded, and the 
remaining aqueous liquor was extracted three times with ethyl acetate. The combined 
extracts were washed twice wit saturated sod ti cl or de solution and dried over 


anhydrous sodium sulfate. When the extract was concentrated and treated with ether, 
a further 20 ¢ of the dihydro adduct separated. Total yield: 240 g (80 per cent) 
For analvsis the dihydro derivative was crystallized three umes from aqueous methanol, 
m.p. 179-180 

dnal. Caled. for C,,H,,0,: C, 63-45; H, 5-81. Found: C, 63-47; H, 6-08 

The ultraviolet spectrum of (XII) showed only end absorption (¢3;5.,,, 5000) 
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ester (XXXVI) was prepared | ca diazo- 
Cl of anhydrous dioxane 
removed 

a small 

XXXVII) 


zea tour 
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| had 
d (XIV). n 147-149 
ration from acetone ‘ether. 
60. Found: C, 62-08: H, 7-54 


above 210 mu was observed 


fer was obtained by treatment of (XIV) with diazo- 


The ketohydroxy acid (XIV) (4:5 g) was dissolved in 200 cm® of absolute 
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dioxane. The solution was cooled to 15°, and 60 cm® of ethereal 1-9 per cent diazo- 
»at 40 When 


methane solution were added The solvent was then remo ed in 
the residual oil was crystallized from ether acetate/ether, 4-2 ¢ of the ester. m p 
is, were obtained ther crystallization from acetone/ether raised the 

point to 125 ubdDstance wi onverted | an acet ‘ five 


and acetic vdride 


helow 
Preparation the transa ar six-membei ctone (XIII) 
of the hydr« ‘rivative nhydride 


sodium under 


stirring. The insoluble 


reaction mixture was a clear vellow solution ce r some undissolved sodium 


acetate. After the mixture had been heated for | hr. it was cooled in an ice bath. 


and 2000 cm* of ethyl acetate and some ice-cold water were added with stirring 


The phases were separated and the organic phase was extracted once with ice-cold 


sodium bicarbonate. The combined aqueous phases were back-washed with ethyl 


acetate. The ethyl acetate solutions were combined, washed twice with saturated 
sodium chloride solution, and dried over sodium sulfate. When the solvent was 
concentrated to a small volume, crystallization of the lactone (XIII) commenced 
Ether was added, and the mixture was kept in the cold for a few hours. The crystalline 
product was cooled and washed well with ethyl acetate/ether, and subsequently with 
ether alone: 111g. From the mother liquors, another 10g of the lactone were 
recovered. Total yield: 121 g (66 per cent). For analysis, the lactone was crystallized 


once from acetone. 
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Anal. Caled. for C,,H,O,: C, 69-46; H, 5-30. Found: C, 69-41: H, 5-29. 


Ultraviolet spectrum: A,,,. 220 (e 9200) 


The infrared spectrum of the lactone in chloroform solution possessed bands 
at 5-74 and 5-96 wu 


Hydrogenation of (XIII) gave the saturated lactone (XV). whose preparation 


by an alternative method is described above The keto lactone (XIII) (1-27 g) 
dissolved in dry dioxane (20 cm*) was sheken under hydrogen in the presence ofa 
pre-reduced palladium-barium sulfate catalyst (300 mg). In 2 hr 30 min 2 moles of 
hydrogen had been absorbed and tl . adsorpt on ceased The residue alte removal 
of catalyst. and concentration in vacu was crystallized from ether. and gave 1-05 Y 


12 identical with the 


(82 per cent) of the saturated keto lactone (XV), m p 126 


material described above 


Bromination of the unsaturated keto lactone (X11). The lactone (XIII) (190 mg) 


was dissolved in 5 cm? of glacial acetic acid. A solution of bromine in acetic acid 


> 
(2-9 g bromine in 25 cn lacial acetic acid) was added drop-wise with cooling and 


11 


stirring until the reaction mixture remained slightly yellow. The excess of bromine was 


destroyed with a few drops of | N sodium thiosulfate solution, and the solvent was 


evaporated in vacuo at 40 Ihe residual oil was dissolved in ethyl acetate and the 
organic layer was washed with saturated sodium bicarbonate and wate The dried 


extract was evaporated / acuo at 40°, and the residue crystallized from ether 


The bromolactone (1) (268 mg) was obtained as colorless prisms, m.p. 156-162 
For analysis the bromo derivative was recrystallized from acetone/ether. m.p. | 


168 


inal. Caled. for C,,H,O,Br: C, 49-10; H, 3-37; Br, 29-70. Found: C, 49-06: 
H, 3-14; Br, 29-8] 


Ultraviolet spectrum: A,,,. 253 my (e 4250) 


The infrared spectrum of the bromolactone in chloroform possesses bands at 


5:72 and 5-91 yw. In solid potassium iodide the lower wavelength band is displaced 


to 5-78 u 
Preparation of the iodoacetate (ii). To a well-stirred suspension of the unsaturated 
/ 


keto lactone (XIII) (3-8 g) and silver acetate (3-4 g) in glacial acetic acid (100 cm’), 


finely powdered iodine (5 g) was added. After the mixture had been stirred for 2 hr 


30 min, a further 100 mg of silver acetate was added to destroy excess iodine. The 
mixture was then filtered through Celite, and the filtrate was evaporated in vacuo. 
The residue solidified, and was recrystallized from dichloromethane to give 3-2 g 
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of slightly yellow iodoacetate (i), m.p. 185-186° (dec.). For analysis the substance 
was recrystallized from dichloromethane ether, and was obtained as colorless prisms, 
m.p. 186° (dec.). 
inal. Caled. for C,,H,,0,1: C, 41-40; H, 3-49; 1, 33:70. Found: C, 41-02; 
, 3-65; 1, 33-94 

Ultraviolet spectrum: A,,.. 222 my (¢ 4000) 

Zinc reduction of the lactone (X11): (¢ is-8-keto-1,4,7,8,9,10-hexahydronaphthoic 
acid (viii). The lactone (XIII) (1 g) was dissolved in 10 cm” of warm glacial acetic 
acid. The solution was cooled to room temperature, and 3-25 cm* of water were 
added. Zinc dust (2 g) was added with vigorous stirring, and the mixture was then 
stirred further for 10 min. The zinc was removed by filtration, and the filter cake was 
washed with aqueous acetic acid of the concentration used for the reaction. The filtrate 
was then poured into a large amount ol ethyl acetate. The ethyl acetate solution, 
from which considerable zinc acetate had separated, was washed twice with water 
and once with saturated sodium chloride solution, and then dried over sodium sulfate 
When the solvent was removed in vacuo, the residue crystallized readily, and after 

vi acetate, | keto acid (vii), m p 155-158, was 
obtained analysis the acid was recrystallized three times from ethyl acetate, 
m.p. 154 
{na il for . 6 Found: C, 68°93: H, 6°47 
keto acid (vin) (1 2) was 
dissolved tn ; nall amount « methanol nd ti oled solution (5°) was treated 
with excess ethereal diazomethane. The este ystallized readily after the solvents 
were removed in vact I her was added yr analysis the ester was recrystallized 
three times fron her ntaining a small amou of petroleum ether, m p 68-5—69 
Caled H,, C, 69-88 Found: C, 69-94; H, 6°98 


itravi weak end absorptior { S06) 


The infrared spectrum possessed a poorly resolved complex band in the carbonyl 
region with indications of maxima at 5-78 and 5°84 uw 

The ester was transformed into a corresponding eth e thioketal: The ester 
(1-1 ¢) was dissolved in glacial acetic acid (Sc } Ethanedithiol (0 7 cm”) and 
freshlv distilled boron trifluoride etherate (0-7 cm*) were added, and the solution was 
kept at room temperature for | hr 45 min. The reaction mixture was then poured 
into a large amount of ice-cold ethyl acetate. The solution was then washed twice with 
ice-cold sodium bicarbonate, once with saturated sodium chloride solution, and 
iried over magnesium sulfate. When the solvent was removed, 1-5 2 of a yellowish 


oil remained. This residue was filtered through a short column of neutral alumina 


(Woelm, activity I) in methvlene chloride/benzene (1:1). The first two 20 cm?® 


fractions of the eluate gave 550 mg and 260 mg respectively of almost entirely cry- 
stalline thioketal. The first fraction was distilled in high vacuum (125-135° air-bath 
temperature) and subsequently recrystallized three times from ether containing a little 
petroleum ether, m.p. 118 118-5 

Anal. Caled. for C,,H,s0.S,: C, 59°54; H, 6-42; S, 22:75. Found: C, 59-42; 
H, 6°47; S, 23-25 

Ultraviolet spectrum: no absorption 

Perbenzoic acid oxidation of the dihydro derivative (X11): Cis-2,3-oxido-5-hydroxy- 
8-keto-1,2,3,4,5,8,9,10-octahydronaphthoic acid (XIX). The dihydro derivative (XII) 
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(35 g, 0°168 mole) was dissolved (by warming) in 300 cm® of dioxane. To the cooled 
solution, 320 cm® of 0:605 M perbenzoic acid in benzene (0-194 mole) were added. 
The resulting mixture, which became warm, was allowed to stand at room temperature 
for 25 hr. When the solvent was removed in vacuo, and the residue was treated 
with ethyl acetate, the product crystallized. After the residue had been triturated 
with ethyl acetate in ether, 26 ¢ of colorless oxide, m.p. 156-160", was collected. 
Concentration of the mother liquors afforded a further 4 g of product, m.p. 150-156 
the total yield of the crude oxide (XIX) was 80 per cent. For analysis the material 
was crystallized from ethyl acetate to give colorless prisms, m.p. 160-161 
Anal. Calcd. for C,,H,.0O;: C, 58°92; H, 5-40. Found: C, 58-86; H, 5-64 


Ultraviolet spectrum: A,,,. 223 my (¢ 5800) 
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The corresponding methyl ester (XLVIL) was obtained by the action ol diazo- 
methane upon the acid (XIX). The latter (20 g) was dissolved in 200 cm” of warm 


anhvdrous dioxane. The solution was cooled to 5 and treated with | mole of 


diazomethane in ether. The solvents were immediately concentrated, first at atmo- 
spheric, and later at reduced pressure, to about $0 cm*. After most of the ether had 
been removed, the temperature was kept below 30°. When ether was added to the 
concentrated dioxane solution, crystallization set in immediately. After the mixture 
had been kept at 0° for 3 hr, 19 g of the ester (XLVII), m.p. 130-131", were collected 
Another gram of the ester was recovered from the mother liquors. Total yield: 
20 g (95 per cent). For analysis the ester was recrystallized twice from acetone 
petroleum ether and dried 6 hr at 60° in high vacuum, m.p 132 
inal. Caled. for C,.H,,O;: C, 60°50; H, 5-9?. Found: C. 60°46: H, 6°12 


\ 


Lactonization of the hydroxy acid ( XIX): The oxido lactone (XXVIII). A mixture 
of the oxido acid (XIX) (15-4 g), sodium acetate (3-1 g), acetic anhydride (15-5 cm*) 
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and benzene (300 cm*) was heated under reflux for 4hr. The reaction mixture was 
then cooled, ethyl acetate (300 cm*) and some chipped ice were added, and the 
resulting mixture was washed with cold 5 per cent sodium bicarbonate solution. 
The two phases were filtered together to remove a small amount of polymeric material 
which hindered separation, and the bicarbonate layer was washed twice with ethyl 
acetate and once with chloroform. The combined organic phases were dried over 
sodium sulfate and evaporated to yield an oil which slowly solidified. This product 
was triturated with ethyl acetate and filtered to yield 5-8 g (41 per cent) of the lactone 
(XXVIII), m.p. 172-177°. For analysis the lactone was crystallized from acetone to 


give colorless prisms, m.p. 177—177-5 


inal. Caled. for C,,H,,O,: C, 64-07; H, 4-89. Found: C, 64:13; H, 4-95 


Ultraviolet spectrum: A,,,, 219 my (e 6160) 


Cleavage of the oxide (XXVILD): The hydroxy acetate (XXIX) The oxide (XXVIII) 
(5-2 g), trifluoroacetic acid (5-2 cm*), and glacial acetic acid (390 cm*) were heated 
under reflux for 2hr. The solvent was then evaporated in vacuo to give a solid 
residue which, when washed with acetone, gave 1-93 ¢ of colorless crystalline material, 
m.p. 224-226 The acetone wash liquor was concentrated and treated with ether 
to give a second crop, 2-66 g, which was crystallized from acetone/benzene to yield 
1-85 ¢ of product, m.p. 229-231 rhe analytical sample of the hydroxy acetate 
(XXIX), obtained by recrystallization from acetone/benzene, had m.p. 232-233 

inal. Caled. for C,,H,,O,: C, 58-64; H, 5:30. Found: C, 58-87; H, 5-48. 


Ultraviolet spectrum: A,,,, 223 my 6600) 


When the oxido acid (XIX) was treated with acetic acid containing trifluoroacetic 
acid under conditions identical with those just described, no pure product could be 


isolated, but the ultraviolet and infrared spectra of the crude materials obtained 
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indicated clearly that aromatization had occurred to a considerable extent (cf. footnote 
p. 9). 

Methylation of the hydroxy acetate (XXX): The methoxy acetate (XXX\I). 
The hydroxy acetate (XXIX) (1:29 g), dissolved in 52 cm* of dioxane, was treated 
with 39 cm® of methyl iodide, 20 g of freshly prepared silver oxide and 20 g of anhy- 
drous sodium sulfate. This mixture was heated under reflux, with stirring, for | hr, 
and then filtered through a sintered glass plate. After the filtrate had been taken to 
dryness in vacuo, the residue was dissolved in ethyl acetate and filtered through 15 g 
of neutral aluminium oxide (activity II/III). When the eluate was concentrated to a 
small volume and treated with some drops of ether, 557 mg (41 per cent) of methoxy 
acetate (XX XI), m.p. 162-165°, separated. For analysis the compound was crystallized 
from ethyl acetate/ether, to give heavy glassy prisms, m.p. 167-169", which were dried 
at 70° in high vacuum for several hours. 

Anal. Calcd. for C,,H,0,: C, 59-99; H, 5-75; OMe, 11-07. Found: C, 60-08; 
H, 6°02: OMe, 11-03 

Ultraviolet spectrum: / 22? mu (e 5880) 


“max 


From the mother liquors, after separation of the methoxy acetate (XXXI), 
the C-methylated compound (iii) was isolated by careful chromatography on aluminium 
oxide (activity II/II1). The substance was eluted in the early fractions of the chromato- 
gram, using benzene containing 20 per cent of ethyl acetate. The material in these 
fractions had m.p. 144-145". Further crystallization from acetone gave colorless 
needles, m.p. 152-153". This substance forms a continuous series of mixed crystals 
with the methoxy acetate (XXXI). The melting point of a mixture of (XXXI1) and 
(iii) was 136-155 For analysis, (iii) was dried overnight in high vacuum at 80. 

Anal. Caled. for C,;H,,O,: C, 61-21; H, 6°17; OMe, 10°55. Found: C, 61-28; 
H, 6°35: OMe, 10°88. 

Ultraviolet spectrum: /,,,, 234 my (e 7700) 

Hydrogen peroxide oxidation of the methoxy acetate ( XXXII): The oxide (XXXII). 
The methoxy acetate (XXXI) (180 mg) in pyridine (7 cm*) and hydrogen peroxide 
(1-4cm* of 30 per cent solution) was allowed to stand at room temperature for 
18 hr. The reaction mixture was then poured onto ice. The product was extracted 
with ethyl acetate, and the organic layer washed with dilute hydrochloric acid, 
saturated sodium bicarbonate solution, and saturated sodium chloride solution. 
The extract was dried and evaporated, and the colorless oily residue was crystallized 
from ether to give 62 mg of the oxide (XXXII), m.p. 165-168". The analytical sample, 
obtained by recrystallization from acetone/ether, formed plates, m.p. 169-170". 
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Anal. Caled. for C,,H,O,: C, 56°75; H, 5-44. Found: C, 56°77; H, 5°58 
Ultraviolet spectrum: no absorption of high intensity above 210 mu 
Oxidation of the methoxy acetate (XXXII) by osmium tetroxide. Osmium tetroxide 
(82 mg), dissolved in dry benzene (1:25 cm*), was added to a solution of the methoxy 
acetate (XX XI) (70 mg) in absolute benzene (2 cm*) containing pyridine (0-05 cm*) 
The mixture was allowed to stand at room temperature for 15 hr. During this me 


138 mg (80 per cent) of the osmium complex (XXXIIT) m.p. 175-182 (dec.), separated 


as brown prisms For analysis the material was crystallized from dichloromethane. 


m.p. 180-190" (dec.) 
inal. Caled. for C,,H,.O,,N,Os: N, 4-04. Found: N, 4-21 
Zinc reduction of the methoxy acetate (XXX1): The unsaturated acid (ix). The 
methoxy acetate (XX XI) (200 mg) was dissolved in acetic acid (2 cm*) and water 
(0-65 cm*) lo the cooled. well rred. solution. 400 meg of zinc powder were added 
as to keep the rature below 15°. Stirring was 
nto 100 cm?® of ethyl 


irated sodiur hloride 


CuO 

) and 

owed 

iken with 

rhe 
When the 

te was obtained 
111). Dichloro- 
For analysis the 
ve colorless 

at 


(XXXIV } This substance is preparable 
by aluminiun cauction adduct (1\ R Me). the lactone 
or the hydroxy ester (XXXVII) 

Method (a). From the lactone (X111) or th lroxy ester (XXXVI). The lactone 
(XI11) (5 2), or the ester (XXXVII) (5 2), and freshly distilled aluminium isopropoxide 


(6 g) were added to 80 cm* of anhydrous isopropanol, in a flask equipped with a stirrer, 
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so ODLa ned ed resolid ned in needics ind melted vain al 
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The five-membered lactone series 
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a Vigreux column, and separatory funnel. The reaction mixture was stirred, and 
heated at such a rate that slow distillation took place; isopropanol was introduced at 
such a rate as to keep the reaction mixture approximately at constant volume. After 
the distillation of acetone had ceased (about 45 min), the reaction mixture was kept 
under gentle reflux for another 45 min. The solvent was then removed in vacuo. 
The foamy residue was dissolved in ethyl acetate (80 cm*), and the resulting milky 
solution was cooled to 0° and added to a solution of sodium potassium tartrate (83 g) 
and sodium bicarbonate (6:3 g) in water (125 cm*). The mixture was shaken and the 
two phases were separated. The aqueous phase was extracted three times further with 
ethyl acetate The combined ethyl acetate extracts were washed once with ice-cold 
sodium bicarbonate, once with saturated sodium chloride solution, and dried over 


sodium sulfate. When the solvent was removed, 4-5 g of a colorless crystalline solid 
remained. Recrystallization from acetor her gave 3-7 ¢ of the hydroxy lactone 


(XXXIV), m.p. 120-12. analysis the lactone was recrystallized once from 


y29. Found 68-79; H, 6°50 


adduct (440 mg) 


ropanol (8 cm”) 


were distilled slow ly 


propanol 

lore acetone could be 

rated unde! reduced 

nd extracted with methylene 

nate and 

Saturatl ni ion, li ] iCuo 1¢ residue was 

crystaullz twice Irom a tne tO @1Ve ms of colorless prisms of the lactone 
(XXXIV), m.p. 119-120", identical with the material prepared by method (a) 

Oxidation of the lactone (XXXIV): The ketone (XXXVI). To a solution of the 

hvdroxy lactone (XXXIV) (1 g) in acetone (50 cm*), 1-90 cm® of chromic acid ox1- 

dation mixture (92 cm® concentrated sulfuric acid, 290 cm’ of water, 106 g chromium 

trioxide) were added slowly with stirring at room temperature. A slight excess of 

chromic acid was then destroyed by adding two drops of butanol. The reaction 

mixture was filtered quickly through a small column of aluminium oxide (activity II/IMD), 


and the filtrate was taken to dryness. Crystallization from acetone/ether gave 830 mg 


of the ketone (XXXVIII) as colorless prisms, m.p. 125-126°. For analysis the material 


Vol. 
10cR acetone/ether, prisms, M.p. 
inal. Caled. for C,,H,.0,: C, 68°73: 
Ultraviolet spectrum: end absorption 
thod (6 rom the ester adduct (AV: R Me). The este iy 
VWethod (bd) / ] 
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was crystallized once again from acetone/ether and dried for several hours at 80 


in high vacuum, m.p. 126-128 

inal. Caled. for C,,H,gO,: C, 69-46; H, 5:30. Found: C, 69-50; H, 5-43 

Ultraviolet spectrum: A,,,, 216 my 8500) 

Infrared spectrum (CHCI,): 5°65 and 5-95 

Oxidation of the keto lactone (XXXVI) by perbenzoic acid. To a solution 
of the keto lactone (XXXVIII) (600 mg, 3-16 mmoles) in dioxane (2 cm”) 7cm?* 
of a benzene solution of perbenzoic acid (0 575 M) was added. Dioxane was then 
added to bring the total volume to 10 cm* The reaction mixture was allowed to 
stand at room temperature for 10 hr, during which time a solid separated. When the 
colorless crystalline material (206 mg, m.p. 185-187-5') was collected and recrystal- 
lized from ethyl acetate, the dilactone (XL1) was obtained as colorless prisms, m.p 
189-193° (dec.) 
Caled. for ¢ 59-46 H, 4 54. Found ( 59-26: 4-68 


{nal 10 
Ultraviolet spectrum: end absorption | $500) 

Infrared spectrum (K1): 5-67 w. 5-70 uw. 6-04 uw (weak) 

iodine!silver acetate on the keto lactone (XXXVI). To a well-stirred 


(4)? 


{ction of 
suspension of the keto lactone (XXXVIII) (498 mg) and silver acetate 


n”), finely powdered iodine (684 mg) was added all at once 


me) im 


glacial acetic acid | 131 
The reaction mixture was stirred for 2 hr 30 mu Silver iodide was removed by 
filtration through Celite. which was washed three times with hot chloroform. The 
filtrate was evaporated to dryness in vacuo at 40 The brown residual oil was taken 
up in chloroform ethyl acetate (1 : 3) and washed with 0-1 N sodium thiosulfate, 
saturated sodium bicarbonate solution, and water. When the dried organic layer was 
evaporated at the water pump, a colorless oil was obtained, which crystallized trom 


acetone/dichloromethane to yield 330 mg of colorless prisms of the iodo acetate 


m.p 156-158" (dec.). The analytical sample obtained by recrystallization from a large 
volume of dichloromethane had m.p. !61 162° (dec.) 


inal. Caled. for C,,H,,0,1: C, 41-40; H, 3-49; I, 33-70. Found: C, 41°72; 
H. 3-49: I. 34-07 

Ultraviolet spectrum: end absorption ( 10.000) 
Infrared spectrum: 5-64 5°80 5-95 u 
Zinc reduction of the keto lactone (XXXVI). The keto lactone (XXXVIII) 


(600 mg) was dissolved in acetic acid (6 cm*) and water (2-6 cm*). While the mixture 


was stirred vigorously and kept at 1S", zinc powder (1 2g) was added all at once 


After 10 min the reaction mixture was diluted with ethyl acetate, filtered, and the 
filtrate was washed with dilute hydrochloric acid and saturated aqueous sodium 
chloride solution. The organic phase was dried with anhydrous sodium sulfate and 
taken to dryness in vacuo. The residue was taken up in acetone, treated with a small 


amount of Norite and filtered. When the filtrate was concentrated to a small volume 
127 


and treated with a few drops of ether, 420 mg of the acid (XXXIX), m.p. 123 


For analysis the acid was recrystallized twice from acetone/ether from 


separated 
which it separated as colorless needles, m.p. 124 
Caled. for C,,H,.O,: C, 68-73; H, 6-29 Found: C, 68-51: H, 6°49 


127 


Anal 

Infrared spectrum (CHCI,): 5°83 and 5°85 y 

The above {,y-unsaturated keto acid was isomerized to the conjugated isomer | XL) 
by potassium acetate in ethanol. The acid (XXXIX) (100 mg), potassium acetate 
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(100 mg), and absolute ethanol (5 cm*) were heated under reflux in an atmosphere 
of nitrogen for 3 hr. The solvent was then evaporated in vacuo and the residue was 
taken up in ethyl acetate and water. The organic layer was washed three times with 
saturated sodium chloride solution, dried, and evaporated in vacuo. When the 
colorless residual oil was crystallized from ether, 60 mg of the acid (XL), m.p. 163 
165°, were obtained. The analytical sample, obtained by recrystallization from 
dichloromethane/ether formed colorless prisms, m.p. 165-166 

inal. Caled. for C,,H,.O,: C, 68-73; H, 6-29. Found: C, 68-63; H, 6°51! 

Ultraviolet spectrum: A,,,, 223 my (e 7400) 

Infrared spectrum (CHCI,): 5-85 and 5-97 

The above acid (XL) was converted to the corresponding methy/ ester by treatment 


with excess ethereal diazomethane. Crystallized from acetone/ether, the ester had 


Infrared spectrum (CHCI,): 5:79 and 6°0 

Bromination of the hydroxy lactone (XXXIV): The bromo lactone (LVIII) 
Method (a). In methanol: The hydroxy lactone (XXXIV) (23 g) in methanol (230 
cm*) was treated with a solution of bromine (19-2 g) in methanol (200 cm’). After 
the mixture had stood at room temperature for 45 min, sufficient solid sodium bi- 
carbonate was added to neutralize the hydrobromic acid, and the solution was then 
concentrated to approximately 30 cm \ large volume of methylene chloride was 
added. and the mixture was washed twice with water, once with sodium bicarbonate 
solution, once with saturated sodium chloride solution, and the organic phase was 
dried over anhydrous sodium sulfate. The solvent was then removed in vacuo, and 
the residual vellow oil was taken up in acetone ar d ether, and allowed to stand in 
the cold for 24hr. Fifteen grams of the bromo lactone (LVIII), n 20-12 
separated. For analysis the substance was recrystallized four times from acetone 
ether, m.p. 129-130 

inal. Caled. for C,,H,,O,Br: C, 48-72; H, 4-09; Br, 29-47. Found: C, 48°53; 
H, 4-21; Br, 29-30 


Ultraviolet spectrum: end absorption 


Vethod (b). In methylene chloride. The hydroxy lactone (XXXIV) (20 g) was 
dissolved in methylene chloride (500 cm*). Bromine (5-4 cm*) was added slowly at 
room temperature, and the reaction mixture was allowed to stand for 20 min. It was 
then cooled in an ice-bath and extracted once with aqueous sodium bicarbonate, 
containing a small amount of sodium thiosulfate, and once with sodium bicarbonate 


alone. The organic phase was then washed with saturated sodium chloride solution 
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and dried over anhydrous sodium sulfate The solvent was removed, and the residual 
yellow oil was taken up in acetone and ether. When the solution was allowed to 
stand, 21 g of the bromo lactone (LVIL), m.p. 122-125", separated. This material 
was sufficiently pure to be converted directly into the methoxy ether (1 II1) (see below), 
in approximately 80 per cent vield. However. it was contaminated with a small 
amount of a relatively insoluble high-melting substance, which frequently separated 
first from the acetone/ether solution of the crude product. The high-melting material 
is a dibromide; for analysis it was recrystallized three times from acetone, and had 
m.p. 175-176 

inal. Caled. for C,,H,,O0,Br, _ 37-53: H, 3-44; Br, 45-40. Found: C, 38-00; 
H. 3-34: Br, 45-41 

Preparation of the unsaturated ether (XLVI). To a three-necked flask fitted with 
an efficient stirrer and a short Vigreux column, 10 g of the oxido lactone (XXVIII), 
29-6 ¢ of aluminium sopropoxide and 166 cm” of anhydrous isopropanol were added 
The reaction mixture was heated at such a rate that acetone distilled as it was formed 
After 3hr the distillate gave a negative reaction with 2,4-dinitrophenylhydrazine 
reagent. The reaction mixture was then concentrated to dryness in vacuo and the 
residue was dissolved in 150 cm? of ethyl acetate. The mixture was stirred w ith 300 cm?” 
of a saturated Rochelle’s salt solution (containing 66 g of sodium potassium tartrate 
and 5¢ of sodium bicarbonate per 100 cm” of water) Che aqueous solution was 
extracted three times with ethyl acetate and the combined organic layers were dried 
over sodium sulfate. When the solvent was removed, an oily residue was obtained, 
which could be used directly for the preparation of the methoxy lactone (LIII) (see 
below). In the present experiment, the oil was dissolved in methylene chloride and 
filtered through deactivated aluminium oxide. The methylene chloride was removed 
in vacuo and the residue was crystallized from ethyl acetate/ether The unsaturated 
lactone (XLVI) was obtained in 43 per cent yield as colorless prisms, m.p 124-126 

inal. Caled. for C,,H,,O,: C, 69-46; H, 5-30. Found: C, 69 34: H, 5-41 


Ultraviolet spectrum: / 228 mu (e 3140) 


Preparation of the methoxy ether (LIM). Method (a) The crude oily unsaturated 


ether (XLVI), whose preparation ts described immediately above, was taken up 


in 260 cm* of anhydrous methanol containing 280 mg of sodium methoxide, and 
allowed to stand at room temperature for 90 min The reaction mixture was then 
made acidic with glacial acetic acid and all solvents were removed in vacuo. The 
residue was taken up in methylene chloride, which was washed with water and dried 
over anhydrous sodium sulfate. The methylene chloride solution was concentrated to 
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about 60 cm? and filtered through a short column of aluminium oxide (activity I/II). 
The column was washed with methylene chloride, and the eluate (about 200 cm*) was 
evaporated to give an oil which solidified slowly. Crystallization from a mixture of 
ethyl acetate (5 cm*) and ether (5 cm*) gave 5 g of the methoxy ether (LIII) as colorless 
needles, m.p. 95-98". For analysis the material was recrystallized from ethyl acetate 
ether, m.p. 103-104". 

Anal. Caled. for C,.H,,O,: C, 64°85; H, 6-35; OMe, 13-96. Found: C, 65-11; 
H. 6:46: OMe, 13-86 

Ultraviolet spectrum: no absorption 


Method (b). Twenty-three grams of oxido ester (XLVII) and freshly distilled 
aluminium isopropoxide (30 g) were dissolved in anhydrous isopropanol (400 cm’). 
The mixture was stirred, and heated at such a rate that slow distillation through a 
short Vigreux column took place. During the distillation, isopropanol was replaced 
at such a rate as to maintain the reaction mixture at constant volume. After about 
5 hr no acetone could be detected in the distillate (2,4-dinitrophenylhydrazine reagent). 
After the reduction was complete, the mixture was kept under gentle reflux for a 
further 2 hr. The solvent was then completely removed in vacuo, and the foamy resi- 
due was taken up in 375 cm* of ethyl acetate. The resulting solution was cooled to 0 
and added to a solution of sodium potassium tartrate (410 g) and sodium bicarbonate 


(31 g) in water (625 cm*). The mixture was shaken well, and the two phases were 


separated The aqueous phase was extracted three times with ethyl acetate The 


combined ethyl acetate phases were washed twice with ice-cold sodium bicarbonate, 
once with saturated sodium chloride solution and dried over anhydrous sodium 
sulfate. When the solvent was removed in vacuo, 21 g of a partially crystalline brown 
product were obtained lhis material was dissolved in the smallest possible amount 
of dichloromethane and allowed to stand at room temperature for 2 hr; occasionally 
a considerable amount of crystalline material did not dissolve in the methylene chloride 
at all. The dichloromethane-insoluble material, and that which separated from the 
methylene chloride solution on standing, were collected and washed with methylene 
dichloride. Three grams of this by-product, m.p. 175-176", which is probably the 
dihydroxy ester (xii), were obtained. For analysis the substance was recrystallized 
three times from acetone and dried for 12 hr at 80° in high vacuum, m.p. 175 176°. 

Anal. Calcd. for C,,H,9;: C, 62°67; H, 7°51. Found: C, 62-88; H, 7-65 

Ultraviolet spectrum: no absorption 

Infrared spectrum (CHCI,): single sharp band at 5-81 y. 

The combined filtrates from the above by-product were concentrated and dried 
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in high vacuum. The residue was dissolved in 400cm* of anhydrous methanol. 
One hundred and twenty cm* of a sodium methoxide solution (made up by dissolving 
1 g of sodium in 500cm?* of anhydrous methanol) were added, and the mixture, 
which turned brown, was kept at room temperature for 90 min. The solution was then 
neutralized with glacial acetic acid and the solvents were removed in vacuo. The 
residue was dissolved in methylene chloride, and the solution was washed twice with 
small amounts of water and then with saturated sodium chloride solution. The 
dried (anhydrous sodium sulfate) solution was concentrated to small volume and filtered 
through a short column of neutral aluminium oxide (activity LI/III]). The eluate was 
concentrated to a very small volume, and ether was added. Crystallization of the 
desired methoxy ether (LII1) began at once. After the mixture had been kept at 0 
for 2hr, 76g of the methoxy ether (LIII), m.p. 100-102", were collected. This 
material was identical with that prepared by method (a) above. After the mother 
liquors had been treated once again with methoxide, as above, a further 700 mg of the 
methoxy ether were obtained 

Method (c). The bromo lactone (LVIII), m.p. 122-125", (see above), (16-5 g) 
was dissolved in anhydrous methanol (260cm”*). Ninety-fivecm® of a sodium 
methoxide solution (made up by dissolving 2 g of sodium in 100 cm* of anhydrous 
methanol) were added, and the yellow mixture was kept at room temperature for 
2hr 30min. The reaction mixture was then neutralized with glacial acetic acid, 
and concentrated in vacuo to approximately 10 cm*. Methylene chloride and some 
ice-cold water were added, and the mixture was shaken. The two phases were 
separated, and the organic phase was washed once with ice-cold sodium bicarbonate 
solution, once with saturated sodium chloride solution, and dried over anhydrous 
sodium sulfate. Removal of the solvents gave a crystalline residue from which 
11-3 ¢ of the methoxy ether (LIL) were obtained by recrystallization from acetone 
ether. The material melted at 100-102", and was identical with that obtained by 
methods (a) and (b) above 

Degradation of the methoxy ether (LIL). A, to the methoxy lactone (LV1). The 
methoxy ether (LIII) (60 mg) was dissolved in acetyl chloride (2cm*). Stannic 
chloride (0-2 cm") was added, and the reaction mixture was allowed to stand at 
room temperature for 15 min. The solvents were then removed in vacuo, the residue 
was taken up in ethyl acetate, and washed with water, sodium bicarbonate solu:ion, 
and water again. The ethyl acetate solution was dried over sodium sulfate and 
concentrated to dryness in vacuo. The residual oil was distilled, and the first fraction, 


110-125"), crystallized. When the material was recrystal- 
12? 


a colorless oil (b.p 
lized from methylene chloride/ether, 32 mg of the /actone (LVI), m.p. 119 
were obtained. For analysis the material was crystallized thrice from dichloro- 
methane/ether, m.p. 123-124 

inal. Caled. for C,,H,.O,: C, 70-57; H, 5-92; QMe, 15-19. Found: C, 70-95; 
H, 6°17: OMe, 15-26 

Ultraviolet spectrum: AA,,,., ~253 mu, ~260 mu, 266 my, 273 my (ee 258, 
345. 468. 495) 

Infrared spectrum (CHCI,): 5-60 

B, to «-naphthoic acid. The methoxy ether (LIL) (80 mg) and freshly sublimed 
pyridine hydrochloride (400 mg) were sealed together in a highly evacuated Pyrex 
glass tube, and heated for 5 min at 190-200°. The cooled reaction mixture was 
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dissolved in 2 N hydrochloric acid and extracted with methylene chloride. The 
organic layer was dried over anhydrous sodium sulfate and evaporated to dryness, 
leaving 55mg of colorless crystalline residue. After one recrystallization from 
methylene chloride, it melted at 152-156". The material was then partitioned between 
sodium bicarbonate and ether in the usual way. When the acidic fraction was crystal- 
lized from benzene, colorless needles of «-naphthoic acid, m.p. 160-162", identical 
with an authentic sample, were obtained, m.m.p. 160-162". The infrared spectrum 
of the degradation product and that of an authentic specimen of «-naphthoic acid 
were identical. 

Preparation of the bromohydrin (LIX), and of the ketone LXIII). The methoxy 
ether (LIII) (7 g) was dissolved in water (63 cm*) and | N sulfuric acid (12-6 cm’), 
with stirring, and heating to 80 To the stirred solution, which was kept between 
60-70°, N-bromosuccinimide (5-85 g) was added over a period of 10 min. The reaction 
mixture was then maintained at 80-90" for 30 min. At the end of that time the potassium 
iodide-starch test was practically negative. A small quantity of sodium bisulfite was 
then added to destroy excess N-bromosuccinimide, and the aqueous solution was 
extracted continuously with methylene dichloride for 4 hr. When the solvent was 
evaporated, 12-92 g of the crude bromohydrin (LIX) were obtained as a yellow oil. 
Ordinarily, this crude material was oxidized directly to the corresponding ketone. 
However, if it was taken up in acetone, crystalline bromohydrin separated. After 
several further crystallizations from acetone, in order to effect separation from succini- 
mide, the bromohydrin (LIX) was obtained as a colorless solid, m.p. 150 151 

Anal. Calcd. for C,.H,;0O,Br: C, 45-13; H, 4-74; Br, 25-04. Found: C, 45-24; 
H, 4-86; Br, 25-13 


The above crude oily bromohydrin (LIX) (12°92 g) was dissolved in 53 cm’. 
of hot glacial acetic acid. The solution was cooled to room temperature and chromic 
acid (5-3 g) dissolved in water (2-7 cm*) and acetic acid (27 cm*) was added. The 
solution became warm, and after 2 min the bromo ketone began to crystallize. 
The reaction mixture was allowed to stand at room temperature for ten hours. 
The ketone which had separated (6 g, 60 per cent) was collected and washed with 
acetic acid and ether. For recrystallization, the crude bromo ketone was extracted 
with acetone in a Soxhlet apparatus. The pure material crystallized directly from the 
extractant, and had m.p. 165-167°. For analysis the substance was recrystallized 


twice from ethyl acetate, m.p. 166-167". 
Anal. Caled. for C,.H,,0;Br: C, 45-44; H, 4:13; Br, 25-20. Found C, 45-45; 
H, 4-32; Br, 25-35. 
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The chloro ketone (LXIU: Bi Cl). The methoxy ether (LILI) (222 mg) dissolved 


in water (3 cm”) was stirred al 55-60" over a period of 75 min, while 1-9 cm? of a 
perc nt soiuon ypoc! OTrOUS acid Was added slowly The aqucous solution 
was then extracted cont wusly for 3hr wit vethylene chloride The extract 
was dried Ove sodium sulfate, and ev iporated to give 217 mg ota colorless oil which 
solidified part I} | was dissol d cetone (20 cn ) and 0-38 cm?” of 


trated sulfuric acid and 


106 of ' ° Tele 200 cn of water) ere added siowly at room temperature 


addition ol 


up 


with 


in 


Found: 59-96 
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Ultraviolet spectrum: 227 ma (¢ 
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When aqueous acetic acid was used in the above reduction, the superficial pheno- 
997 


mena resembled those just described, but the acid isolated had /,,.. 227 mu, with a 


molecular extinction coefficient of 4000-6000. The desired product (LXV) was 


clearly contaminated with the corresponding dihydro compound, in which the 


double bond at A°:® had been saturated These two substances formed mixed 


crystals which were separable only with ve great difficulty. When the reduction 


carried out with acetic acid and aqueous dioxane, the di roxy acid (xvi) was 


produced The bromo ketone (150 mg) Was GISS yived in ’ | dioxane solution, 
prepared from 94cm HmOoxvANe 1 Va i! of acetic acid Zinc 


dust (150 mg) was added al 

room ten rature | i was move itratior he filtrate was 

concentri in vacuo to ay imately ind 25 ater were added 
usly 
olution 


The 
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was then acidified and extracted continuously with ether for fourteen hours. Tl 
crude product so obtained (109 mg) was triturated with ethyl acetate/ether, and gave i 
1K the acid } 
inal. Caled. for C,.H,.O,: C, 56°24: H, 6-29; OMe, 12-09. Found: C, 56°22; 
6°52: OMe, 12°10 
olet spectrul 228 mu (¢ 
Infrared spectrum (KI): 5°30 and 5-96 wu 
For preparation of the correspond cil ‘ er, the above acid (39 mg) was 
disso d tire ited Vil ess cl : The a Kane 
Wa Cl oved a ind the residue tul icetate | 
rou ims of crysta ‘ ery iInsoiuvdik ct esi Htained For analysis 
ine tance TOC iro} the ~S 
{na Caled. for C,.H,,.O,: C, 57°77: H, ¢ Found: C, 57°97: H, 6°72 
Infrared spectrum (KI 2-94 04 uw. 5-7) 5-98 
Preparation of Q ester (LXVI). 7 droxy acid (LXV) (3-7 2) was 
disso ic } The Com Gk 0° and 40 cn 
of cthereal dia ina yi per cent distilied diazomethane in adsoiute 
ether) was added wi I he vents were en evaporated acuo at 40 The 
4 residual ol was dissolved ivcm” of acetone, the result ution was filtered, and 
ine hitrate is evaporated to drynes Wi sidue was crystallized from 
acetone/ether, 3-76 ¢ (96 per cent) of the meth ster of the acid (LXV), m.p. 134-136 
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were obtained. Four further crystallizations from acetone/ether gave an analytical 
sample, m.p. 139-140 

inal. Caled. for C,,H,,O,: C, 61-40; H, 7-14; OMe, 24-38. Found: C, 6! $3; 
H, 7:54; OMe, 24-65 


Ultraviolet spectrum: 295 mu (e 11.000) 


= 
4 
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The adove esier (3 4 was ved abdsoiute pvi cm”? 
and pure acetic ani cc (iScn he react vas heated for two hours 
at 8O-9U' ina atmosphere Of nitroget The solution was thet cooled to room ten 
per ature and hitered The filtrate was concentrated to dryness in vacuo, al d the residuc 
crystallized from acetone/ether to give 3-65 g (92 per cent) of the acetoxy ester (LXVII), 
™m P 135-136 Recrystallization from acctonc ether gave an analytical sample 


m.p. 137-138 
ina Caled. for H..O, C. 60-80: H. 680: OMe. 20°90. Found: ¢ 60 SK: 


Osmium tetroxide oxidation of the unsaturated ketone (LXVII) The diol 
(LXVII). The unsaturated ketone (LX VII) (S00 mg) was dissolved, with shaking, 
in a solution of osmium tetroxide (463 mg) in water (S0 cm”). The reaction mixture 
rapidly became very dark blue in color, and was allowed to stand at room temperature 
under nitrogen for eight hours The solution was then placed in a separatory funnel 
in which 25 cm? of carbon tetrachloride and 4-15 g of sodium chlorate had been placed 
When the mixture was shaken vigorously, the blue color rapidly disappeared. The 
aqueous phase was extracted four times with carbon tetrachloride in order to remove 


the osmium oxides completely. The aqueous solution was saturated with sodium 


chloride and then extracted continuously with ether for 8 hr. The ethereal extract was 
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concentrated to a small volume, benzene was added, and the resulting solution was 
concentrated to dryness in vacuo. The residue (568 meg) was crystallized from acetone. 
p 169 
analysis the material was recrystallized from acetone/ct! 
for C,.H,.O,: C, 54-54; H, 671. Fo 


Ultraviolet spectrum no intense absorption above 


actam (LXXI) 
diol (800 
(HIO,2H,O) 


lavers Con Dil 


} 


amount of annya! 

reduced pressure 

(LXIX: R 

treated al 

stand for 

reduced pressure at 30 

(LXIX: R Me) were obta 

3-54 w. 3-68 uw. 5-77 The diester was taker 

a supersaturated solution of 490 mg of 6-methoxytr nine see above) 
in 32cm* of benzene. (The hot solution of the amine was cooled quickly to 20 

and used before crystallization set in.) The reaction mixture turned cloudy immediately 
(separation of water) and was allowed to stand for 3 min at room temperature 
It was then evaporated to dryness under reduced pressure under nitrogen at 50 

The yellow oily residual Schiff base (LXX) (infrared spectrum (CHCI,): 2°90 ya, 
5-76 uw, 5-99 4, 613 «) was taken up in 25 cm* of methanol and treated with 250 mg 
of solid sodium borohydride. The reaction mixture was allowed to stand for 6 min 
at room temperature, and was then heated for 4 min on the steam bath. It was then 
concentrated in vacuo to a volume of about 5 cm* and treated with several drops of 
acetic acid to destroy excess sodium borohydride. Ethyl acetate (200 cm*) was added, 
and the mixture was shaken four times with small volumes of 2 N hydrochloric acid. 


The organic layer was washed with saturated brine, dried with a large amount of 


anhydrous sodium sulfate, and taken to dryness in vacuo. In order to effect remethy- 
lation of any ester which had been hydrolyzed, the yellowish oily residue was dissolved 
in 10 cm® of dioxane and treated at 10° with an excess of pure ethereal diazomethane. 
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Vol. 
10CcR 
we 
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oe The lactam (LXXI1N). TI *) was treated with a solution of 
2.32 period d ydrale¢ OF Wale allowed ind 
) in an atmosphere of nit ron for ZU min at room temperature Che colorless aqueous 
solution was then shake times with SO ct portions of ethyl acetate The ranic 
Re cd, washed three times with saturated brine, and dried with a large 
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The reaction mixture was allowed to stand for 3 min at room temperature and was 
then taken to dryness in vacuo To remove water. the residue was twice boiled for a 
short time with benzene and concentrated to a small volume. Finally, all of the 
solvent was removed in high vacuum, and the residual material (1-14 g) was treated 
with absolute pyridine (15 cm”) and acetic anhydride (10 cm”) and allowed to stand 
for 12 hr at 30 The reaction mixture was then taken to dryness in vacuo, and the 
residue was dissolved in chloroform. The chloroform solution was shaken with 
saturated aqueous sodium bicarbonate, 2? N hydrochloric acid, and saturated brine, 
and then dried over anhydrous sodium sulfate. It was then concentrated to small 
volume. and ether was added. The /actam (LXXII) (923 mg) (yield 81 per cent, 
over-all) separated as colorless small prisms, m.p 237-238. For analysis the lactam 
was crvstallized once from chloroform/ether and twice from chloroform/benzene, 
and dried 11 hr at 110° in high vacuum, m.p. (vac.) 239 240 

inal. Caled. for Cy,;H20,N,: C, 63°54; H, 6°83; N, §-93. Found: C, 63°18: 
H, 6°94: N, 5-91 


Model « yperunents on the formation and stability of Schiff hases from irvptamine § 
A solution in methylene chloride of 2-anisyltryptamine (0-067 mmoles/cm*) and 
slightly less than one molecular equivalent of propionaldehyde gave an infrared 


spectrum (Fig. 1, 5:50-7:00 «) which was constant after a lew minutes, and did not 


TABLE 2. 6-METHOXYTRYPTAMINE (0-067 mmole/cm*) + Excess EtCHO In CH,Cl, 


20 per cent* 


fimin) 


* These intensity values are probably distorted from the true values by the presence of the intense band 


at 5-78 uw, arising from the excess propionaldehyde 
+ In a separate experiment, at different concentrations, the 5-98 j band was found to have disappeared 


virtually completely in 3 hr 
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change thereafter. With a similar solution of 6-methoxytryptamine and propional- 
dehyde, a similar, stable, curve (Fig. 2) was observed after a few moments. By 


contrast, when in each case the experiment was repeated, using an excess of propional- 
dehyde as compared with the tryptamine, the C—N band at 5-98 wu fell with time 
(Tables 2 and 3). 


TABLE 3. 2-ANISYLTRYPTAMINE (0-067 mmole/cm Excess EtCHO In CH,CI 


f (min) 


* These intensity values are probably distorted from the true values by the presence of the intense band 


at 5-78 mu, arising from the excess propionaldehyde. 
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The pentacyclic series 

dl Methyl-O-acetyl-isoreserpate (LXXIV). The well-dried lactam (LXXII) 
(m.p. 237-238", 796 mg) was boiled gently for 2 hr in an atmosphere of nitrogen 
in 20 cm®* of freshly distilled phosphorus oxychloride. The solution turned green, 
then yellow, and finally orange. When the solvent was removed in vacuo in an atmo- 
sphere of nitrogen, a bright-yellow crystalline residue of the quaternary salt (LXXIID) 
was obtained. This material was thoroughly dried in high vacuum, dissolved in 20 cm* 
of 90 per ce:.t methanol, and treated in portions with 210 mg of solid sodium boro- 


hydride. The temperature of the reaction mixture was kept below w by occasicnal 


cooling in an ice-bath. The deep-orange color of the solution disappeared quickly, 
and the product began to crystallize directly from the reaction mixture in fine needles. 
After five minutes, 5 cm*® of water was added, the reaction mixture was cooled to 0°, 
the crystalline precipitate was collected and washed with water. Recrystallization 
from acetone/ethanol gave 536 mg of di methyl-O-acetyl-isoreserpate (LXXIV), as 
colorless needles, m.p. (vac.) 265-266° (dec.). From the mother liquors 71 mg of 
less pure crystalline material were isolated. For analysis the ester was recrystallized 
twice from acetone/ethanol. The colorless needles were dried several hours at 110 
in high vacuum, m.p. (vac.) 267-268" (dec.) 

inal. Caled. for C,,H.O,N, : H, 7-07; N, 614. Found: C, 65-60; 
H, 7-11; N, 6°17 

The infrared and ultraviolet spectra of the synthetic ester were identical with those 


of / methyl-O-acetyl-isoreserpate derived from natural reserpine 1S 


Resolution of racemic methyl-OQ-acetyl-isoreserpate. The racemic ester (LXXIV) 
(300 mg) was dissolved in 9 cm® of acetone and treated with a solution of di-p-toluyl-/ 
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tartaric acid (250 mg) in acetone (3cm*). The solution was concentrated on the 
steam bath to a volume of 4cm*. It was then seeded with the di-p-toluyl-/-tartrate 
of / methyl-O-acetyl-isoreserpate, and allowed to cry stallize. When the material which 
separated was recrystallized from methanol/acetone, 120mg of colorless prisms 
were obtained. One further crystallization from methanol gave 98 mg of the di-p- 
toluyl-/-tartrate of / methyl-O-acetyl-isoreserpate, m.p. (vac.) 153-155" (dec.). The 
mixture melting point (vac.) of the synthetic salt, with an authentic specimen of the salt 
(m.p. (vac.) 151-153" (dec.)) was 153-155°. Ninety-five milligrams of the synthetic 
salt were shaken with 5 cm* of | N sodium hydroxide and chloroform. The chloro- 
form extract was washed with saturated brine, dried with sodium sulfate, and taken 
to dryness in vacuo. When the colorless residue was crystallized from acetone 
ethanol, 37mg of colorless needles of synthetic / methyl-O-acetyl-isoreserpate, 
m.p. (vac.) 287-288" (dec 134°, c, 1-04 (CHCI,)) were obtained. The mixture 
melting point (vac.) with / methyl-O-acetyl-isoreserpate from natural sources (m.p. 
(vac.) 284-285°, [x], 132°, c, 1:04 (CHCI,)) was 285-286° (dec.). The mother 
liquors from the separation of the /,/ salt were decomposed with lye in the above 
manner. When the resulting free base was treated, as above, with di-p-toluyl-d-tartaric 
acid, it gave a salt which was recrystallized and decomposed to give d methyl-O- 
acetyl-isoreserpate ({x]j; +- 130°). The infrared spectra (CHCI,) of the synthetic 
laevorotatory and dextrorotatory bases were identical with that of the racemic base 
(see above) 

dl \soreserpic acid hydrochloride. dl Methyl-O-acetyl-isoreserpate (2°04 g) was 
dissolved in absolute methanol (50 cm*) and 40 per cent aqueous potash (15 cm’), 
and the resulting solution was heated under reflux in an atmosphere of nitrogen 
for 2hr. The solution was then cooled, acidified to Congo with concentrated hydro- 
chloric acid, and filtered to remove precipitated potassium chloride. The filtrate 
was taken to dryness in vacuo, the residue was treated with boiling methanol, and 
again filtered to remove potassium chloride. When the filtrate was concentrated to a 
small volume, and treated with an equal volume of acetone, 1-37 g of the hydrochloride, 
m.p. (vac.) 265-268" (dec.), separated. Concentration of the mother liquors yielded a 
further 0-63 g of the material, m.p. (vac.) 262-264" (dec.). For analysis the hydro- 
chloride was recrystallized from methanol/acetone and methanol/water, m.p. (vac.) 
267-268:5° (dec.) 

Anal. Caled. for C,.H.,O,;N.*HCI-H,O: C, 58-07; H, 6°87; N, 6°16; Cl, 7-80. 
Found: C, 57°82; H, 6°78; N, 6-11; Cl, 9°31 

dl |sore serpic at id lactone (LXXVIII). di Js reserpic acid hydrochloride (127 mg) 
and N,N’-dicyclohexylearbodiimide (80 mg) were dissolved in dry pyridine (8 cm?) 
The resulting solution was heated at 100° in an atmosphere of nitrogen for 2 hr. 


The pyridine was then removed in vacuo, and the lemon-yellow residue was kept in 


high vacuum for 10 hr to remove the last traces of pyridine. The residue was taken 


up in 100 cm? of chloroform, which was extracted four times with 1 N sulfuric acid. 
The combined acid solutions were washed twice with 10 cm* portions of chloro- 
form, and then made basic with solid sodium bicarbonate. The basic solution was 
extracted three times with chloroform, and the extract was dried over solid sodium 
sulfate. When the solvent was removed in vacuo, 120 mg of an oil were obtained 
which deposited 70 mg (67 per cent) of d/ isoreserpic acid lactone (LXXVIII), m.p. 
(vac.) 233-234° (dec.), when it was triturated with ethyl acetate. For analysis the 
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lactone was twice recrystallized from chloroform/ethyl acetate, m.p. (vac.) 245-246°5° 
(dec.) 

Caled. for C,.H,,O,N, 69-09: H. & 85: N, 7°33. Found: C, 68-98; 
7.39 


ci 


(LANXVITD) 


od ae | 


(LAXVITT) OW some 


dded to. | loroform and extracted 


acid ombined ac ractions were washed with 

with solid sodium carbonate. The basic solution was 

hioroform and the ¢ I t was dried over anhydrous 

sodium fi he oily residue which remained after removal of the solvent 


crystallized when ethyl! acetate was added. The crude product (31 mg) was recrystal- 


j 


lized from chloroform/ethyl acetate to give 25 mg (41 per cent) of / isoreserpic acid 
lactone (LXXVIII), m.p. (rac.) 2225-224 (dec 138°, 105 (CHCI,)) 
inal. Caled. for C,.H,O,N,: C, 69°09; H, 6°85 , 7:33. Found: C, 69-17; 
H. 6-59 N. 7-30 
The infrared spectrum (CHCI,) of the /aevorotatory isolactone was found to be 


identical with that of the racemic isolactone, whose preparation ts described above 
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The /aevorotatory isolactone torms ; iloroform-soluble Aydrochloride, which 
crystallizes in colorless needles, m.p. (va —2 It is this substance which 


separates directly from the reaction 


LAXVIIT) (200 mg) 


p ilic acid, and 
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heated under refluy itmospnere nitrogen [to iO hr When the reaction 
mixture was cooled, 179 mg of crystalline material, m.p. (vac.) 280-281-5° (dec.) 
scrystaliized 
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I Reserpic acid lactone (1 XXIX). A, from / isoreserpic acid lactone (LXXVIII). 
/ Isoreserpic acid lactone (52 mg) in 2 cm® of xylene containing 10 volume per cent 
of pivalic acid was heated under reflux in an atmosphere of nitrogen for 13 hr. After 
some hours of boiling, the product started to crystallize from the boiling solution in 
long needles At the end of the reaction time the solution was cooled. and 40 mg ol 
crystalline material which had separated were collected and washed with benzene 
The mother liquor was taken to dryness, treated with some drops of acetone, and 
allowed to crystallize. The combined crystals were dissolved in a small volume of 
chloroform/methanol (4 : 1), treated with an equal volume of benzene and concen- 
trated on the steam bath until crystallization commenced Forty-one milligrams of 
ye (LX XIX), (vac.) 319-321 (dec.) were obtained as colorless 


/ reserpic acid lact 
rpic acid lactone prepared as 


needies The mixture melting point (rac.) with rese 

described below (m.p. (rac.) 3. 326) «((dec.)) was 321-3 (dec.). The intrared 


spectra of the two sampies were ider tical 


B. from methyl reserpate (LXXX1). Aluminium isopropoxide (204 mg) was 
dissol ed im (3 cn Met! vi reserpalc (| XXX1) (55 mg) added ul a the 


vas brought to boil. The ester went into solution readily, and alte 


mixtur 


react 


> min, Deegan to separate as coloriess necdaics The reaction 


approxi ately 


mixture was heated under reflux for « I The product which had sepal ited was 


removed by filtration and washed with xylene and ether 46 mg (91 per cent) of 


reserpic acid lactone (LXXIX), m p. (rac.) 325-326 (dec.) were obt uined 

coo methyl-O-acetylreserpate. Aluminiun propoxide (170 mg) was dissolved 
in xvlene (1-5 cm*). Methyl-O-acetylreserpate (50 mg) was added and the reaction 
mixture was brought to boil. The ester went into solution readily, and after 15 min 


the lactone bega to separate in crystalline form The reaction was allowed to proceed 


for 2? hr. The mixture was cooled, and the lactone which had separated was cooled 


and washed with xylene and ether; 40 mg. (95 per cent) of reserpic acid lactone 


(I XXIX), m p. (oa )} 320-3 (dec.). were obtained as colorless needles 


D. from reserpine Reserpine (4-1 ¢) was added to a solution of aluminium iso- 


propoxide (10-5 @) in xvilene (175 cm"), and the resulting mixture was heated under 


reflux in an atmosphere of nitrogen After | hr, the addition of a seed of reserpic acid 


lactone to the boiling solution initiated the separation of the product as colorless 


needles. After the reaction mixture had been kept under reflux for 5 hr, it was cooled, 


and 2-22 g (86 per cent) of crude lactone were collected, and washed with benzene 


and ether. One recrystallization from boiling chloroform gave the lactone (LX XIX) 


as colorless needles, m.p. (rac.) 327-—328° (dec.) 
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dl Methyl reserpate (LXXXI1). dl Reserpic acid lactone (LXXIX) (449 mg) was 
dissolved in 135 cm* of absolute methanol containing 190 mg of sodium methoxide. 
The resulting solution was heated under reflux in an atmosphere of nitrogen for 
90 min. The cooled solution was acidified with 0-5 cm® of glacial acetic acid and 
concentrated to dryness in vacuo. The residue was dissolved in methylene dichloride, 
which was then washed once with water and twice with saturated brine. The organic 
layer was dried over anhydrous sodium sulfate, and evaporated. When the oily 
residue was crystallized from methanol/ether, 382 mg of d/ methyl reserpate (LXXXI), 
m.p. (vac.) 236-237°S° (dec.), were obtained. On further crystallization from methanol 
ether, and then from acetone, the melting point (vac.) was raised to 241-242” (dec.). 

inal. Caled. for C,,H gO;N.: C, 66°64; H, 7-30; N, 6°76. Found: C, 66°52; 
H, 7°36; N, 6°78 


Me 


dl Reserpine (LXXXII1). d/ Methyl reserpate (50 mg) and 3,4,5-trimethoxybenzoyl 


chloride (150 mg, m.p. 80-81") were dissolved in dry pyridine (1-5 cm*) and the 
resulting solution was allowed to stand at room temperature in an atmosphere of 
nitrogen for four days. The pyridine was then removed in vacuo and the residue was 
dissolved in methylene chloride. The extract was washed twice with cold | N sodium 
carbonate solution, once with saturated brine, dried and evaporated to yield 183 mg 
of glassy residue. When this material was triturated with methanol/ether, 42 mg of 
crystalline racemic reserpine (LXXXII), m.p. (vac.) 258-259-5° (dec.) were obtained. 
For analysis the material was recrystallized twice from acetone/ether, m.p. (vac.) 
260-—262° (dec.) 

inal. Caled. for Cy,HyO, Ne: C, 65-11; H, 6°62; N, 4:60. Found: C, 65-01; 
H, 6°65; N, 4:12 

The infrared spectrum (KI!) of the racemic reserpine was found to be identical 


with that of natural / reserpine 
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Resolution of racemic reserpine. Racemic reserpine (1 13mg, m.p. (vac.) 260 


(dec.)) was dissolved in methanol/chloroform (3:1). d@ Camphor-10-sulfonic 


acid (45 mg) was added. The solution was then concentrated on the steam bath 


to a small volume. and a seed of / reserpine-d-camphor-10-sulfonate was added. The 


colorless prisms (57 mg) which separated were recrystallized once from methanol 
| 
The beautifully crystalline prisms (52 mg) which separated were partitioned in the 


- 


usual wav between methylene chloride and ice-cold | N sodium hydroxide solution 


The organic layer was washed with water and saturated brine, dried over anhydrous 


sodium sulfate. and taken to dryness in vacu The residue was crystallized twice 
from methviene chloride/methanol to give 28 mg of synthetic / reserpine (I XXXII) 
as beautiful colorless needles, m.p. (vac.) 286-288 (dec.) ({2]j, 120 c. 1-08 
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(CHCI,)). The mixture melting point (vac.) with natural 
284-285° (dec.), 118 c. 1-08 (CHCI.)) was 285-286 (dec.) 
oa eer The inti ired and ultraviolet spectra of the synthetic and natural reserpines were | 
found to he identical in all respects 
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The residue obtained by evaporation of the mother liquors from the separation 
(above) of / reserpine-d-camphor-10-sulfonate were partitioned in the usual way 
between methvlene chloride and ice-cold | N sodium hydroxide. The organic layer 
was washed with water and saturated brine, and dried over anhydrous sodium sulfate. 


It was then taken to dryness and the residual base was crystallized three times from 
methylene chloride. d Reserpine (26 mg) (m.p. (vac.) 281-284" (dec.), [a]F; 117 


c. 0-86 (CHCI.)) was obtained as colorless needles 
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ALKALOID STUDIES*—XxX 


ISOLATION AND STRUCTURE OF TWO NEW CACTUS ALKALOIDS 
PILOCEREDINE AND LOPHOCERINI 


Cart Dyerassi, T. NAKANOt and J. M. 
Dept. of Chemistry, Wayne State University, Detroit 2, Michigan, U.S.A 


(Received 2 {ugust 1957) 


Abstract—A detailed examination of the alkaloids of the cactus Lophocereus Schottii has resulted 
in the isolation of two new alkaloids, piloceredine and lophocerine in addition to the previously 
described pilocereine; quaternary alkaloids were not encounte ed. Piloceredine (C,,H,,N,O,) 
was shown to be diastereoisomeric with pilocereine and pot issium-liquid ammonia cleavage of 
its methyl and ethyl ethers yielded the same cleavage products as the corresponding derivatives of 
pilocereine Lophocerine was obtained in impure form from the phenolic alkaloid fraction and is 
assigned the structure 1-isobutyl-2-methyl-6-methoxy 7-hydroxy-1,2,3,4-tetrahydroisoquinoline 


since upon methylation it afforded the known 1-isobutyl-2-methyl-6,7 dimethoxy-1,2,3 4-tetra- 
hydroisoquinoline. Lophocerine appears to be the biogenetic precursor ol pilocereine and pilo- 


ceredine 


As POINTED out in an earlier paper' dealing with the structure elucidation of pilo- 
cereine (la) this cactus alkaloid is of unusual interest since its empirical formula 
C.,H,,N.O, differs markedly from those (less than 13 carbon atoms) of the other 
alkaloids found among the Cactaceae.2, Consequently an effort was made to isolate 
additional alkaloids from the cactus Lophocereus Schottii which appeared to be the 
richest source® of pilocereine 

[he pilocereine-depleted “‘non-phenolic” alkaloid fraction was subjected to 
chromatography and after the separation of an additional quantity of pilocereine 
a second alkaloid was isolated (m.p. 165-166°) the analysis of which (Cy9H,,N,O, 
with two methoxyl and two N-methyl groups) coincided with that of pilocereine 
(la). The infra-red spectrum of this alkaloid was identical with that of pilocereine 


(m.p. 175-176") when measured in chloroform solution but appreciable differences 


were noticed when the spectra were determined in nujol mull. Furthermore, the X-ray 
diffraction patterns § were different. The possibility of polymorphism was excluded 
in the following manner: (a) the new alkaloid piloceredine—could be separated 
chromatographically from pilocereine; (b) the two alkaloids exhibited a marked 


* Part XIX by M. Gorman, J. P. Kutney, P. J. Scheuer, N. Neuss and C. Djerassi Tetrahedron 1 (1957) 
is in the press 
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‘ C. Dierassi, S. K. Figdor, J. M. Bobbitt and F. X. Markley J. Amer. Chem. Soc. 79, 2203 (1957) 
* For review see I Ret nR H. ft Manske and H. | Holmes The Alkaloids Vol. IV, pp 7 28, Academic 
Press, New York (1954) 
2 (a) G. Heyl Arch. Pharm. 239, 451 (1901); (b) C. Djerassi, N. Frick and L. E. Geller J. Amer. Chem 
Soc. 75. 3632 (1953); (c) C. Djerassi, C. R. Smith, S. P Marfey. R. N. McDonald, A. J. Lemin, S. K. 
Figdor and H. Estrada Ibid. 76, 3215 (1954) 


fellow, 1955-1956. Present address, Department of Chemistry, University 
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depression in melting point when mixed; (c) the two substances were not inter- 
convertible by cross seeding in the same solvent; (d) as shown in Table 1, out of four 
derivatives, three exhibited very similar melting points but in each instance a marked 
mixture melting point depression was observed; (e) the respective acetates had very 
different melting points but even here the infra-red spectra were essentially identical 
when measured in carbon disulfide solution. 


TABLE 1. COMPARISON OF MELTING POINTS OF PILOCEREINE, 
PILOCEREDINE AND DERIVATIVES 


Derivative Pilocereine* Piloceredine 


Free base 175-176 165—166 
Diperchlorate 216 
Acetate 186—186.5 
Methyl! ether 133-134 and 
153 


Ethyl ether 147-148 


Piloceredine, like pilocereine, was optically inactive* and the similarities in 
physical properties suggest that the former might be the possible diastereoisomer of 
pilocereine (la). In order to confirm this supposition the appropriate ethers? of 
piloceredine were subjected to cleavage with potassium in liquid ammonia at —60 
since identical products* should be obtained and indeed this proved to be the case 
From the non-phenolic fraction of the ether cleavage of piloceredine methyl ether 
(Ib) there was isolated 1-isobutyl-2-methyl-6-methoxy-1,2,3,4-tetrahydroisoquinoline 
(Ila), |-isobutyl-2-methyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoqi inoline (IIc) and 
(Ila) 


Methylation of the phenolic cleavage products followed by chromatography 


afforded |-isobutyl-2-methyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (IIc) and 


l-isobuty (IIIb). The identi- 
fication of these products establishes structure (Ib) for puiloceredine methyl 
ether. In order to prove rigorously the position of the kryptophenolic hydroxyl 
group in the free alkaloid, a sample of piloceredine ethyl ether (Ic) was treated with 
potassium in liquid ammonia at —60 and 1|-isobutyl-2-methyl-6-methoxy-7-ethoxy- 
2,3,4-tetrahydroisoquinoline (IId) was identified among the cleavage products 
The isolation of (IId) ipso facto locates the free hydroxyl group of piloceredine; 
thus it follows that this alkaloid possesses the same structure (Ia) as pilocereine and 
that both possible diastereoisomers occur in the same cactus. 
It has already been mentioned above that both alkaloids were optically inactive. 
With the information at hand it is impossible to say whether pilocereine and 
1 


* Established by examination in a spectropolarimeter down to 350 mu 
+ It has been noted in the case of pilocereine that ether cleavage of the base itself is accompanied by 
skeletal rearrangement.' 
* The synthesis of the relevant methoxy and ethoxy tetrahydroisoquinolines has already been recorded by 


C. Djerassi, F. X. Markley and R. Ehrlich J. Org Chem. 21, 975 (1956) 
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piloceredine exist as racemates in the cactus or whether racemization occurred during the 
isolation procedure. Spath and Kesztler? have observed that resolved, synthetic 
pellotine (IV) racemizes quite readily. In order to determine whether this also 
applies to pilocereine and piloceredine a variety of unsuccessful resolutions were 
attempted as outlined in the experimental section 

Of the total alkaloids of the cactus Lophocereus Schottii approximately 5 per cent 
is soluble in alkali. The phenolic alkaloids could not be purified but when a distilled 
portion was methvlated with diazomethane and subjected to careful chromatography 
there was isolated—as the picrate—a small amout |-isobutyl-2-methyl-6,7- 
dimethoxy-!,2,3,4-tetrahydroisoquinoline (IIc). Cor sequently, this substance must 
represent the methyl! ether of another alkaloid—no\ amed lophocerine and 
we are ‘sting structure IIb (1-isobutyl-2-methyl-6-methoxy-7-hydroxy-1,2,3, 
4-tetrah juinoline) tor it ‘ nougcn it app! Late ne of the 


iree wn roums) O 


lophocerine (IIb) to be of some Db 


and 
cerel 


conk 
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EXPERIMENTAL* 


Isolation of piloceredine (la).t A 5-5 kg portion of dried alcoholic extract derived 
from 36 kg of dry Lophocereus Schottii was partitioned between ether and 10 per cent 
hydrochloric acid, any insoluble material being discarded. The combined acid 
solutions were basified to pH 9 with ammonium hydroxide which caused the sepa- 
ration of some black gum. After thorough extraction with ether and filtration of any 
insoluble material the aqueous layer was examined for quaternary salts by addition 
of ammonium reineckate. The precipitate w nverted into the sulfate, chloride 
and picrate but no evidence for the presence of quaternary salts could be found. 
Typical experimental procedure is already on record ' 


Ihe ether layer was washed with 5 per cent sodium hydroxide solution and this 


il 


was processed separately (see below) for phenolic alkaloids. Concentration of the 


solution to a small volume and chillin the refrigerator for several days 

175-176 
ization f1 


(deactivi 


were com 


13-9 9 of a mixture (m.p 
resolved by repeated chroma 
ceredine. Fractions 


m.p. 165-166 


won patterns 


{nal. Caled 
12-49: 2 N—CH 
CH 

Pp 


was recry 
nixture 
respective nujol mull 
dried at 130° and 4 
Calcd oH,,N.O, 2HCIO,: C, 51-64; H, 6° 
§1-31: H. 6-88: N. 4:32: O, 27-25: Cl, 9-99 

Piloceredine aceta le piloceredine was acetylated with acetic 
anhydride and pyridine and ; { 1aterial was removed in vacuo. The residue 
was taken up in ether, washed with potassium carbonate solution, dried, evaporated 
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a mum bined and rechromatographed on 7:5 kg of activated alumina (activity 
ae A I-11) Develop ent was effected with be ene, benzene-ether and ether and 6 
fractions of 2:51. each were collected Fraction | (elution with benzene) yielded 
of pilocereine and piloceredine which was 
raphy into 3-0g of pilocereine and 9-5 of pilo- 
ded 80-1 of ceredine, m.p. 161-163", raised to 
' melted at 153—-173° and the two substances could not be interconverted by cross 
seedin The infra-red spectra in chlorofo ind in cardDon disuiide were ide cal, 
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rC.,H,,N.O,: C, 72°54; H, 8-93; N, 5-64; O, 12°89; 2 methoxyl, 
6-05. Found: C, 72-61: H, 8-51; N, 5-59; O, 12-95: methoxyl, 
acid was treated with aqueous ammonium perchiorate and the resulting precipitate 
; wie uncorrected. The microanalyses were carried out by Dr. A. Bernhardt, Milheim, 
; 0 Parke Davis and Co Detro t, M cl gan ior putting the tac ties Of their pilot 
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and chromatographed on deactivated alumina 
lization from petroleum eth 


depressed to 120-128 


Elution with benzene and recrystal- 


her afforded the crystalline acetate, m.p. 133-134 


upon admixture with pilocereine acetate (m.p 186°): the 
infra-red spectra of the two samples, measured in carbon disulfide were practically 
identical 


Caled H,.N.O 


7 8-61: N. §.20: O. 14-85. Found 
H, 8-6 534: O, 


lution of of ceredine 


mixture 


( jearage 


its ethyl ether (6°06 ¢ 


ne ci (Ic) 


m.p. 147-149") with diazoet! 
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the diazomethane methylation except that absolute ethanol was used as solvent 
The analytical sample obtained from hexane showed m.p. 150-152°, depressed to 
133-141" upon admixture with pilocereine ethyl ether (m.p. 147-148"). The infra-red 
spectra of the two ethers in chloroform solution were identical but differed in the 


finger print region when measured in nujol mull 
inal. Caled. for C,.H,,.N,O,: C, 73-24; H, 922; N, 5-34; O, 12:20; 2 N—CH 


Found: C, 73-32; H, 9-20; N, 5-20; O, 12°43; N—CH,, 6-09 


The cleavage ol 2 g of the ethy ndu as described abo\ 


hyl ether except that the 1 ne wi nded to 24 hr. Fi 


there 
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THE CONFORMERS OF 2-BROMOC YCLOHEXANONE 


JANET ALLINGER and NORMAN | ALLINGER 
Department of Chemistry, Wayne State University Detroit, Michigan 


(Re ed 22 July 1957) 


Abstract The inf na yet Cardony of J-Dromoc) hexanone have been 


CONFORMATIONAL a YSIS O bromocyc/ohexanone (1) suggests that either the axial 


or the equatorial conti mation would he POSSIDIC or the ne SUDSTILULCT 
Accord ‘ GAld (la) and @@ua@ioridi-« WOMOC TE neX\a- 
none (le) t be expected {to exis As pic situation could occur if one contor- 


mation for the bro e (axial or equatorial) were much preferred and | would then 
be essentially conformationally pure. The follow data were interpreted by Corey’ 
as evidence that <-dromocy hexanone (1) had almost exclusively the axial contor- 
mation for the bromine. First, the main infra-red carbonyl absorption maximum ol | 
(cardon tetraci loride solution) was only s Itiv disp iced from that of cv hexanone 


houlder on the 


he two conformat ted 


itudc 


at least 97 per cent” of axial- 


The dipole moment ol | in heptane, benzene a1 d dioxane solution was determined 
by Kumler and Huitric In the light of Corev’s work. and especially the energy 
calculations, the experimentally determined moment ol 1 in all solvents would be 


expected to be virtually identical with the theoretical dipole moment calculated for la 


It was found, however, that the dipole moment ot | increased with increasing dielectric 


character of the solvent employed for the measurement and was of such a magnitude 
in each medium as tot dicate far less than the estimated! 97 per cent of la to be present 
These data might have been interpreted as consistent with an equilibrium mixture of la 
and le which was influenced by the solvent but, because of Corey’s work, Kumlet and 
Huitric preferred to consider that a third isomer, a “flexible form” whose conformation 
was intermediate between la and le, was present 
1 £. J. Corey J. Amer. Chem. Soc. 75, 2301 (1953) 
? RN. Jones. D. A. Ramsay, F. Herling and K. Dobriner /bid. 74, 2828 (1952) 
D. Kumler and A. C. Huitric Jbid. 78, 3369 (1956) 
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The two investigations which have ascribed very different conformational situations 
for 2-bromocyc/ohexanone (1) employed different physical quantities to describe the 
To correlate the earlier data and to provide a Starting point for the present 


system | 
study it was necessary to choose the most reasonable individual bond moments for 


the carbon-bromine and carbon-oxygen dipoles of I and to determine the dipole 


angles of la and Ie as precisely as possible. These two sets of constants were necessary 
for the calculations of the theoretical dipole moments of la and Ie and of the energy 
difference between the two conformers. Corey deliberately chose physical constants 


which would yield a minimum energy difference, 
of the individual bond moments and of the dipole angles as well as a simple method by 
which the geometry of I could be calculated were not then available. Kumler and 


leration of related studies. 


Av 


and it should be noted that estimates 


Huitric’ assigned the individual bond moments from consic 


but apparently calculated dipole angles for la and le on the basis of a geometrically 


inadequate model 
A more accurate representation of the structure of I than was used by the previous 
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for the simple cases will not describe the existing individual bond moments of the 
carbon-halogen and carbon-oxygen dipoles of a molecule such as I because inductive 
interaction between adjacent dipoles operates to lower the actual bond moment of 
each dipole. The adjusted values of 1-91 D (4¢_»,) and 2°83 D (4#¢_o) were selected 


by Kumler and Huitric by analogy with other data® as the best values for the case at 


hand and the present study employs these bond moments for each conformer also.* 


Table | summarizes the physical quantities which are to be utilized in the present dis- 
cussion and compares them with the values of the two previous investigations. 

Theoretical energy calculations. The total energy difference between la and le 
is the net result of a steric and an electrostatic energy unique to each conformer. 
Equation (1) was employed by Corey’ to calculate the electrostatic energies, £,, of la 
and le, and this equation was originally derived for two (magnetic) dipoles interacting 
in 


(COS 7 5 cOS %, COS Xo) (1) 


a field of constant force (vacuum, dielectric constant unity). However, in a molecule 
in a liquid phase the effective dielectric constant D in the vicinity of the dipoles ts 
certainly not unity. Thus the electrostatic energies calculated from equation ( |) must 
be divided by the dielectric constant of the medium through which the dipoles interact.? 
Although no wa‘ available to precisely calculate this term an approximation to a 
similar as suggested by Kirkwood and Westheimer.'® A molecule which 

was considered to outline a sphere inside which the 
charges were placed and the effective dielectric constant within this sphere was pro- 
posed to have the value 2, this value being considered more reasonable than unity 
The sphere was then considet to be surrounded by a medium having a dielectric 
constant equal to that of the solvent. This approximation enabled the cited authors 
to obtain calculated val yr dissociation constants of various substituted organic 
acids which were in good agreement with experiment, and their success would seem to 
justify the use of this concept of a local dielectric constant for the present study. If 


the value aken to represent the dielectric constant of the medium within the 
molecule, and if s molecule is placed in a bulk medium of dielectric constant 2 
(heptane solution), then the electrostatic energies calculated for la and le may be more 
reasonably expected to app mate the real situation 

The steric energy | rence of la and le is difficult to assess for there are few 
pertinent data which permit calculation of this term. Corey’ estimated 0-4 kcal/mole 
for this difference, the energy of la being more positive, and this value was retained for 
the present calculations 


Employing the physical quantities developed in the present study for system I 
(Table 1) and equation (1) divided by the dielectric constant 2, the difference in 
electrostatic energy between la and le in heptane solution was calculated to be 1-93 
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TABLE 1 


Conformer Dipole angles Investigation 

This study 

Kumler and Huitric* 
( orey! 


kcal/mole, the la conformer being the more stable. The steric energy of 0-4 kcal/mole 


which destabilizes la provided a total energy difference of 1-53 kc 
differer 


mole: this energy 
ice indicates an equilibrium mixture comprised of 93 per cent la and 7 per cent 


le for heptane solution at 25 Che dipole moment data’ are consistent with an equili- 


brium mixture in heptane solution which contains 68 per cent la 2 per cent le 
(Table 2). In view of the approximations required for the energy calculations, the 
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S. Maeda ! Amer. Ch 76, 1965 (1954 kie, A 
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is exactly what has been found from the dipole moment study of Lin various solvents* 


and from the spectral studies of the present investigation 


Spectral studies. The infrared and ultraviolet absorption curves ol I and Il were 


examined in various solvents, and these spectral studies suggest an observable equili- 


brium.* The infrared data obtained for each solvent allowed an estimation of the 


position of the equilibrium for the particular medium and the ratio of axial to equa- 


torial conformer was obviously influenced by the solvent 
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ol 
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vetrical band 


ae 
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T} infrared carbonyl absorpuons ol prom rexanone (1) and cvclohexa- 
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and the absorption outside the symmetrical band.” This procedure is carried out with 
difficulty with spectra obtained on the Baird instrument because the areas are so 
small. This admittedly inaccurate method was also applied in the present case, and 
the areas of the curves so obtained (assuming the same inherent integrated band inten- 
sities) indicated, for example, 80 percent and 73 per cent Ia in chloroform and benzene, 
respectively. Since the equatorial band is probably in fact of lower inherent intensity,” 
these would be minimum values, and they certainly are in as good agreement with the 
more accurate values found from the extinction coefficients as can be expected. 

For the solvents carbon tetrachloride, chloroform, carbon disulfide, benzene and 
dioxane, the carbonyl absorption curve had a main band (la isomer) with a shoulder 
on the higher frequency side (le isomer) and the amounts of Ia present in these solutions 
varied in a regular manner from 74-57 per cent ( lable 2). Dimethyl sulfoxide (D = 
45) solutions of | afforded an absorption curve having two non-resolvable bands of 
nearly equal intensity. The amount of la present was estimated to be 50 per cent from 
the ratio of the extinction coefficients of la and II, and the shift in equilibrium com- 
position of the mixture was in the direction consistent with this more polar solvent 


acting to stabilize the conformer which has the higher electrostatic energy, le. 


The carbonyl bands in the infrared spectra of I in cyclohexane and n-heptane 


showed two maxima of equal intensity which as before were not completely resolvable. 
From the non-polar character of these hydrocarbon solvents, one would expect the 
equilibrium mixture to be similar to that obtained for benzene. A reason for the 
apparent anomaly was evident when the molecular weight of I was determined in 
cvel hexane soiuuon al the concentration employed lor the infrared study The 
experimental value was 2:7 times greater thi he value for the monomeric I, and a 
slight decrease of this association was observed when the determination was repeated 
with a more dilute solutior The infrared band attributed to le likewise decreased in 
la band upon dilution. Cyc/ohexanone (II) was also associated 

frared study, and this compound afforded a 

ntly lower value for the per ‘ntally determined molecular weight In a 

more dilute solution uch association phenomena under similar circumstances are 
well known; for example, acetic anhydride is complexed tn c) ohexane.’* The low 
minations from being 

ol n-heptane and « yclo- 

1 carbonyl absorption curves 

associated in n-heptane 

would be lower 

on solvents. 

lielectric 


e equill- 


. 
: 
i 
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constant in the immediate vicinity of the carbonyl groups and, as a result, th 
brium la = le would displaced to the right No such effect was noticed in the 
1). « } 
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dipole moment study of | in heptane solution, presumably because these measurements 


were | orl at lower (typical) concentr: ns where the association would be 
ict absorpuon ] ane solution (see later) was obtained 


infrared study and no associa 


* 
70 
, a with a more dilute solution than was necessary tor thc “Bs 
an 
Ihe experiment y determined molecular weight ol lin benzene at the concentra 
eo tion emploved for the d study was idk with the calculated value. Since ae 
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tly 1 fy b ths 
: he 
tg that aff i by | | d 
a 
«i 
ind 
studies for the 
ind 
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of 95 1 tet 
a It ild seem that the conclusions drawn b ich previous investigator diffe 
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primarily in degree because if the experimental data only are considered the qualitative 


conclusions from each study are in fact in agreement: (1) The infrared spectrum of 
established the presence of both the equatorial- and the an ial-2- bromocyc/ohexanone 
in carbon tetrachloride solution and (2) the dipole moment study can be most simply 


interpreted as the result of an equilibrium mixture of la and le the composition of 
which was affected by solvent TT} il studies herein reported are hence 
t with a the experin li ata he earlier work. The proposed 


modification ic “metry and a oun effect of the 


essa;©ry 


lation 


worker 
preset 


dimet! 


observed 
resolutior 
of | were | I ipal nile in various ivents tl separation of the 
shows that the 1 lution of the two maxima, although 


was better I nomogeneous sampie 


EXPERIMENTAI 
2-Bromocyclohexanone (1). The procedure used was a modification of that des- 
cribed for the preparation of 2-chlorocyc/ohexanone.™ yclohexanone, 10 g, and 30 


‘ c a vre $54 3 K westro er an I 
Hav 

‘ i oO er , 5415 ) J Cérey 


| 
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beta TABLE 3 ULTRAVIOLET ABSORPTION DATA FOR I AND IT IN VARIOUS Sol VENTS 
\ 
Vol. 
5 1) 1416 >< 0-2? 
soivent pon tne ctrostalic cnergics oO e two oO ers Nave se ed to efiect a 
more compicte correlal the dij E nt tudies and the caiculated theo- 
retical cn ence etween vO mers An equilibriun ol 
equa a lO @xia prom Varies with solvent from 0-3 to 1.0 
( agerauol iat ri€ e would seem UNNCCH 
of the two « ( ( ‘ re se y ed fro her systems. Although a 
Strict prool of the non-ex the the present tem Nas not deen 
obtained it would sec probable that the flexible form wouid fit the observed facts, 
especially the spect dat 
Various alkylated 2-bromocy nexanones ave been studied by Corey and co- 
: [heir data also appear to be consistent with the conclusions drawn in the 
work It is of interest that these es ors conciuded lat 2-Dromo-6,6- 
Gh ylc) hexanone existed as an equilibriu nixture of axial and equatorial 
er formers on the hasis that two distinct carbonyl infrar | ibs rption maxima were 
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ml of water were placed in a three-necked flask equipped with a stirrer and a dropping 
funnel. Bromine, 16 g, was added dropwise to the stirred heterogeneous mixture during 
| hour, and a water-ice bath (5°) was employed to cool the reaction When addition 
was completed, stirring was continued until the reaction mixture was colorless (30-60 
min). the cooling bath : allowed to warm during this period. The crude product 
was isolated=" and was distilled through a 2 {ft column of the Podbielniak type to give 
12 2 (65 per cent) of 1-5096: reported! nj; 1-5093 

stored protected fron ii’ ‘ le: weeks ‘ vel Hexane 

solutions of | showed ni ice of d ion (pink color) 


landing mi at Toor! mi | Din sulfoxide solutions of 


eV idet ed deco 


Baird double 


density 
was 
optical de! 
a 
cited above 
with Spectracorc¢ 


34 10 


and the correspondi! 4 raul ve } > M, 


and 2-40 M 

Vell oin } HM ; he hexal ised for the spectral studies was 
not of sufficient purity for or ary n rminations. The impurities 
present forn ed solid solutions, ; owering of temperature being observed 


with determination of the freezin ol : self. Accordingly. a modified 


Rast method was employed. The solution, placed in a sin ple freezing point apparatus, 


was cooled to afford crystallization. The bath temperature was allowed to rise and the 
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i the optical density of II at the same concentration and Beer's Law 
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he spectra were recorded employing a Beckman Spectrophotometet! 
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temperature of the solution was recorded as a function of time. The plot of the data 
afforded a smooth curve and the point of intersection of the line drawn through the 
first portion of the curve (melting of the solid suspended in the solution) with the line 
drawn through the second portion of the curve (warming of the clear solution) was 
taken as the melting point. Two or three determinations were performed for each 
solution and excellent reproducibility of the melting points was obtained. That I did 
not decompose during the experiments was concluded from the fact that pure | 
could be recovered quantitatively from these solutions The data are recorded in 


Table 4 


Compound 


Molecular geometr) Il was placed in the ordinate system as used for “ 


f tl ol 


hexvlidine’’. and the co-ordinates of the rin arbons and hydroge 
assigned the values obtained earlier for the hydrocarbor [The co-ordinates of 


carbon having the exocyclic substituent were . 0, 0-258, and 
drawn from the origin to the carbonyl carbon of II described an angle with 


plane of 19 25’ and was 0-778 A in length. Since the carbonyl carbon—oxygen bond 


(length 1-22 A) is simply an extension of this line. the oxvgen atom was 1-:998 A from 
0. +-0-406 


the origin and had co-ordinates relative to the attached carbon of 1-151, 
This model of II was used to calculate the dipolar angles involving the carbonyl 
group and the axial and equatorial 2-substituents The method is indicated for the 
equatorial substituent The co-ordinates of the equatorial hydrogen were 0-538, 
0-808 and +-0-481* relative to the attached carbon. Thus a triangle may be con- 
structed. the three corners of which are the origin and the co-ordinates given above for 
the oxygen and hydrogen. The oxygen-hydrogen distance in the triangle was thus 
1-017 A and knowing the three sides of the triangle, the desired angle between C—O 


4 
d 
TABLE 4 
Molecular weight 
Molal concentration Observed depressiot 
] exp./Caicd. value 
Vol. 
19¢8 
A 
l 0-154 1-1790 2-7 
6563 4-8 
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Si et foxide, A 
benzene { 3 1-00 
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and (¢) C—H was calculated to be 51°54’. The axial hydrogen, in a similar manner, 


afforded a dipole angle of 109°5] 
f electrostatic energy of la and le. The modified equation (2) was 


( aicuiation 


employed for heptane solution 


The quantities 


] 
analyses 


| | bond 
ind the 


P. Sm 


a 
: (COS 7 > COS Z, Ce 2) 
r= sin’ 6, + b, sin® 0, — 2 absin sin 9,cos@ + (cy —a¢ 
COS 
Vi 
n sin os 4, cos f 
ire those described In particu ar, tne CU y the vector 1 
i lengths a = C=O = 1-22 A C—Br 91 A C—C=1-54A 
m - 
les | C—C=O 120 109° 28° were employed and 
bond angles = 
the individual bond moments were as 
7 a The electrostat nergies of la and le were found be | and --0°22 kcal/mole, 
> 
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The chance of realizing the hypothetical reaction with the dichloro derivatives 
seems remote on the basis of the work of Gustavson* who has found 1,1-dichloro- 
cyclopropane to be stable to sodium metal at 140°. Consistently, 1, 1-dichloro-2 
trimethyleyclopropane liberates no chloride ion on treatment with sodium metal at 
180°. alone. in Ais-(2-ethoxyethyl)ether and on alumina in the high surface form. 
Neither does lithium nor magnesium under a variety of conditions remove any 
halogen 

With dibromocyclopropane derivatives, however, it is possible to realize the 
reaction. Both magnesium and sodium are capable of converting substituted dibromo- 


cyclopropanes to allenes in varving vield. Thus, with magnesium in ether cis-1,1- 


dibromo-2,3-dimethylcyc/opropane (irom s-butene and | noform*) is converted 


to 2,3-pentadiene in low yield (16 per cent of theor he identification follows 
from the presence in the 11 of the i a haracteristic of allenes® and the 
coincidence of pn al pl rtie ith reporte By vi phase chromato- 

contaminated with 3 per cent 


with magnesium in 


der tified by (5-09 com- 


and oxidation to butyric acid 


magnesium LIVes 


persion on 

2-n-propyl Vclo- 

propane is converted in llent ld r cent of theory) to a mixture of C,Hy, 
carbons. Separation by \ 1) hree mpone! he major one (64 per 

ng |.2-hexadien id the tw 1inor ones apparently being acetylenes. The 
reaction 
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ol --pentyne Reaction of 
ether vields 1.2-hexadiene (62 per cent of theory), 
parison of physical properties with those reported” 
From in tetrahydroturan, 
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a well recognized as the result of the action of strong Dases No extensive effort Hi 
Lei been made to define the conditions necessary to |! mize the isomerization 
- aig : No choice between the n odes of cleavage formu ated above can be made with 
assurance Ihe Hirst SCMeMe tiie OPK Ol a Cle 
yo rad to the correspond , avi radical Although this kind ol change 
ten per iture if does not occul nm tne ow-temperature photochemil 
ri | propane” to crecloprop ride Accordingly, the radical 
scheme does not seem particularly attractive Ihe second scheme VOIVING cleavage 
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should give carbenes appears to be fulfilled. In unpublished work, methylene iodide 
and finely divided zinc-copper couple react with cis- and trans-butene to give cis- 
| ,2-dimethylceyclopropane, cis-pentene and 2-methyl-2-butene and trans-1,2-dimethyl- 
cyclopropane, trans-pentene and 2-methyl-2-butene respectively. These reactions are 
comparable to that of diazomethane with cis- and trans-butene . 

To the previously known conversions of the double bond through the 1 ,1-dibromo- 
cyclopropane group to a methyl ethane group’ and to a cyclopropane ring,'-* this 
reaction adds the conversion to an allene in only two steps by the insertion of a 
single carbon atom between the two of the original olefin. These transformations of 
the 1,1-dibromocyclopropanes are potentially useful in synthesis and are summarized 
below 

Examination of the behavior of some bicyclic dibromocyc/opropanes obtained 
from bromoform and cyclic olefins is in progress and will be reported later. This 
investigation has been supported since its inception in the fall of 1954 by a much 


appreciated grant from the Research Corporation, New York (¢ 
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peak at 306 Redistillation afforded 2 3-pentadiene b.p 48-48-5°/771 mm: 
my, 1°4202, 0-7020 (reported® b.p. 48-27°/760 mm, nj, 11-4251); MR): found 


24-38; caled: 23-30" (Found: C, 88-0; H, 12-0. C,H, requires C, 88-2; H 11-8 per 


Examination of the crude material by means of v.p.c. at 10 lb of He and 25 
indicated 96°9 per nt, 2,3-pentadiene and 3-1 per cent o pentyne, having an 
uthentic sample obtained from the Farchan 
Researc Laboratorn Cleveland, Ohio Bromine in carbon tetrac ride was 


iled 


ce 
12-85 me) in a seal 
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(ll) With sodium 


(b) 1,2-Hexadiene from |,\1-dibromo-2-n-propyicyclopropane. High-surface sodium 


on alumina was prepared as follows. (¢ hromatographic alumina (80-200 mesh, 103 g) 


was dried at 500° for 15 hr, cooled and placed in a 3-necked, 500 ml flask where it 
was further dried at 200° for 2 hr at | mm with stirring. The flask was cooled to 150 
and, under nitrogen, 14-0 g (0-61 g atom) of sodium was added. Stirring was con- 
tinued until a dark gray dispersion formed. An additional funnel and an exit 
tube connected to a trap ; S$ were attached. At 5 mm, 24-2 g (0-1 mole) of 
|,1-dibromo-2-n-] yl propane was added dropwise with stirring at room 
temperature. T] a lerated by intermittent cooling avoid the 
distillation of starting materi r the addition had been completed. pumping 
and stirring were continued one more hou rude product (7°64 g, 95-6 per cent) 
was examined by v.p.c. and appeared to be a ire of 1,2-h liei 3-5 per cent) 


and two other con nents (26:5 and | per nt pectively) which had infra- 


uspension 


Into 


“4 
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SECOSTEROIDS FROM UNSATURATED 
3,11-DIKETO STEROIDS 


Abstract ‘ CT ep unsaturated 


reported for this reaction when the sterol lissolved in a hydrogen-donating solvent 


such as mineral oil. was passed through a heated tube.* Recently this aromatization 


reaction was utilized for the preps raul aromatic A ring steroids containing a 
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9//10-secosteroids from unsaturated 3,11-diketo steroids 8] 
variety of functional groups.” Yields up to 40 per cent were reported in certain cases 
This reaction was also successfully employed in the pr an |ia-or 11$-hydroxy! 
group and aturation 

The second ¢ al method 
3-keto-1.4-diene in n-aq acia produ this 


work 


ineral 


ounts 


and 10 
bond again might be 
form, only the 9,10-bond ts > to two points of unsaturation ind a 10 secosteroid 


(1X) is the likely product ie secosteroid (IX) was actually isolated, thus establishing 


a new type of aromatic A ring product obtainable from unsaturated 3-ketosteroids 
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eee rearrangement was thought to be the |-methyl steroid (III), however, later Wl 
established as the ect structure Dienone-phenol rearrangement of a 
}-keto-1.4.6-triene (V) rded a nethyl steroid (VI). Subsequent hvydro- 
aoe genation of the double bond at 6 formed the phenol (I1]) i 
Recently aroma i n of 5-keto +-Cienes if e presence ag 
icid was reported to tl phe (Ill) as is 
ol the |-hydarox 4-methy phenols (1V) 
? interpreted according to the Staudinger-Schmidt double bond ruk ch states that 
10CR p Olvtic TISsio ofa ( hond | if | pounds Keiyv to occur at 
an allvlic positior struct e (1) nda the it ond Dot ive a 
1.3 re tons ptotwoT ol nsal \ d .\*) ‘ is Of Tission 
we " are therefore at 10-19 d 9-10 9-bond | preferred ; 
te In the t of this vo prod e | ible from the pyrolysis of a 3,1] 
diketo-4-ene suc! provgeste Vil) 
If the 11-keto group should exert its influence in the enol form (VIII), bonds 10,19 
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1 l-Ketoprogesterone was fused in an open \ and heated to about 350 


A phenolic fraction obtained in 65 per cent yield, chiefly consisted of three parts of 


(XI) and one part of (X11). When (XI) was treated with alkali, a mixture of (X1) and 


(X11) was obtained. A high yield of (XI) was obtained when (XII) was refluxed with 
aqueous acid. Compound (XII) is more dextrorotatory than is (X1)[(XID) [z]p 43 
in acetone; (XI) [2] 35° in acetone]. These facts suggest that (XI) and (XII) 


isomeric at a carbon atom « to a carbonyl. Because of the rotational change 


C-17 was chosen as the point of tsomerization and the 17 £ configuration assigned 
to (X11) 
Before assigning the seco structure to the pyrolysis products of 1 1-ketoprogesterone, 


the phenolic formulations (X) and (XVIII) were considered 


Structure (X) is eliminated by an accurate determination of the molecular weight 
as 327-7 (caled. for C,,H..O,, 328-4)* which clearly indicates that the methyl group 
is still present 

[he physical data are insufficient to eliminate structure (XVIII) The major 
pyrolysis product (XI) was methylated forming the oily methyl ether (XV) which on 

* The authors are indebted to Dr. J. Shell of the Upjohn Company for the crystallographic analysis 


Dr. Shell reports that extremely high negative birefringence exhibited by these crystals is in keeping 


with a 9//10 seco compound, that is, the molecule is less planar and more rod shaped than the usual steroid 


molecule. These data are accurate to 1 per cent 
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exhaustive oxidation yielded the known 4-methoxyphthalic acid. Since 4-methoxy- 
phthalic acid could be formed only from a disubstituted phenol, structure (XVIIT) 
is eliminated. 

From these data we conclude that the seco structures (XI) and (XII) for the 
pyrolysis products of 11-ketoprogesterone are most consistent with the known facts. 

\ third crystalline product (XIX) was isolated in 0-4 per cent yield from this 
pyrolysis reaction. The elemental analysis for (XIX) is consistent with the empirical 
formula C,,H,,O.. Infra-red data indicate phenolic hydroxyl and carbonyl. 

The pyrolysis product of 4-androstene-3,11,20-trione (X XI) is assigned by analogy 
the seco structure (XXIII) 

Having demonstrated that 9//10-secosteroids are formed in the pyrolysis of 
3.1 1-diketo-4-enes our interest turned to 3,11-diketo steroids possessing unsaturation 
at | or at | and 4. In both of these cases the 9-10 bond is allylic to one more point of 
unsaturation than is the 10,19-bond. Therefore one might expect that the pyrolytic 
products from these would be formed after initial fission of the 9,10 bond. Pyrolysis 
of l-androstene-3,11,17-trione (XX) or 1,4-androstadiene-3,11,17-trione (XXII) gave 
the same compound (XXIII) obtained by the pyrolysis of 4-androstene- 3.11,17-trione 


(XX1) 


An explanation for the formation of 9//10-secosteroids may be formulated by 


considering the mechanism of the aromatization reaction Pyrolytic reactions are 


generally accepted to proceed by free radical mechanisms.!* The pyrolysis of a 
3-keto-1.4-diene therefore could first involve the loss of the 19-CH, radical leaving 


12 E. W.R. Steacie Free Radical Mechanisms p. 61. Reinhold Publishing Corporation, New York (1946). 
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the steroid radical which could then abstract a hydrogen atom from the solvent or 
from another steroid molecule to yield the phenol 
In the case of the A}. Ai or 4.3] l-diketo steroids, as previously noted, the 


9.10-bond has one more 1,3 relationship to points of unsaturation than does the 


10,19-bond. Therefore in the |1-keto series the presence of the | |-keto group Causes 


the initial cleavage to occur at 9.10 to form the diradicals (X Xa), (XXla), (XXIla), 
respectively The diradicals (XXa), (XXla), and (XXIla) abstract the necessary 
hydrogen atoms to form the seco structure shown (XXIII) 


XPERIMENTAI 


3-H ydroxy-9//10-sece 


45 min, after 


| mole) 


ractuions witli 
s dark tarry 
ere obtained 


with 


soiven 
Fraction 
ction 


It melted 13. 


20-dione (X1)m.p 


ound 


of 3-hydroxy- 


eco-1 7-iso-! pregnatriene-1] n 153-157. Recrystal 


lization from ethyl acetat in m.p. 159-5-—160-5 
[x] 35 n 281 n mu, dy 1,9 3240, 
1705. 1690. 1617 


[x] IS” (acetone) 230, 902 was isolated 
in O-4 per cent yield 
inal. Caled. for ¢ 


8-72. 


ae Ten grams of |1-ketoprogesterone (1) was heated at 365-370 for Zz! 
which time gassing had noticeably decreased 165 ml (24 per cent of Vi 
of gas was evolved in this reactior frared at sis Of this gas showed it to consist 
2. ie of methane, ethylene, carbon dioxide and carbon monoxide The ratio of methane 
ae to ethylene was about 40 to Benzene (25 ml) s added to the warm melt and then 
ae oe 100 ml of ether Ihe solution was separated into phenolic and neutral f 
per cent sodium hydroxide The neutt fraction weighed 3-5 ¢. | 
material was ymatographed over Florisi! del e Iractions 
numerous unidentified iterials Ihe pheno iction, was dissolved in 
ae he benzene and chromatographed over 500 ¢ of Floris Elution with Skellysolve B 5 
Ce; plus 12 per cent acetone yielded Fractio A of iy 2g Further elution with this 
1 also with Skellysolve B pilus £U per cent acetone gave g ol 
- \ was recrys ed fro propanol (yield 2-13 g, 21-3 per cent) 
‘ee. 136°. Several recrystallizations f et! analytical 
1705. 1675. 1618. 1583. 1497 
ina Caled. for C,,H..O ( 6-79: H, 8-59: Mol. wt. 327-76. 
ah C, 76-53, 76°63; H, 8-38, 8-25; Mol. wt. 328-4 
oy : 
Recrystallization of Fraction B from 2-propanol yielded 780 my 
{na Found: C, 19: H. 8-73 
From the forefractions of a similar pvrolvsis a crvstalline compound m.p. 178-179. 
Pe? A synthetic mag ude | e Fk Company, Warren, Pa 5 
Seo on p. &2 
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Isomerization of compound (X11) to compound (X1) 

A solution of 230 mg of (XII), m.p. 153-158", in 6 ml of ethanol and 0-6 ml of 
concentrated hydrochloric acid was heated under reflux for 30 min. The solvent was 
evaporated under vacuum and the product crystallized from ethyl acetate-Skellysolve B 
to give 90 mg m.p. 129-132". Recrystallization from the same solvent gave 50 mg 
m.p. 133-135-5°. This material showed no m.p. depression when admixed with (X]I). 
Its infra-red curve was identical with that of (XI) 

Conversion of 17 g of crude (XII) (chromatographic fraction) to (XI) as described 


gave about 60 per cent of material m.p. 134-138-5 


Partial isomerization of compound (X1) to compound (X11) 
(A) By alkali A solution of 100 mg of (XI) free from (XII), as shown by 
papergram, in 5 ml of 5 per cent sodium hydroxide was heated to boiling and permitted 
to stand for 4 hr. Acidification of the solution gave an oil which by papergram 
consisted of 75 pel cent (XI) and 25 per cent (X11) 
(B) By heat. Fifty milligrams of (XI) free from (XII), as shown by papergram, 
was heated at 360° for 15 min. Papergram showed the resulting oil to be 64 per cent 


(XI) and 36 per cent (XII) 


3- (X11) 

\ solution of 200 mg of (XI) in 1-5 ml of acetic anhydride and 1-5 ml of pyridine 
was warmed on a steam bath for ninety minute The cooled reaction mixture was 
poured into water with vigorous stirring. The crude product obtained by filtration 


was dried and recrystallized from ethyl acetate-Skellysolve B to give 200 mg (87-5 


per cent) of (XIII) m 38—] Further crystallization yielded an analytical 
140°” 558: 274-5 mu: ay 548. 1745, 


sample m.p. 139 
1692. 1612. 1585. 1500 
inal. Caled. for C,,H,, 74-5 8-16. Found 


&-O8 


atriene-\1,20-dione (XIV) 
In the manner described above (XII) was acylated to give 54 per cent yield of 
(XIV) m.p. 90-94". Chromatography over Florisil was necessary to purify the crude 
} 


material. The analytical sample melted 91-93"; 4 268 mu, ay 555: 274-5 mu, 


ay 540. »° 1748. 1694, 1605, 1584, 1494, 1214 cm™! 


{nal. Found: C, 74-69, 74°55: 8-10, 8-20 


3- (XV) 

To a solution of 2-0 g of (XI) in 15 ml of ethanol warmed to 70° there was added 
at 5-min intervals | ml of sodium hydroxide (10 g NaOH/25 ml H,O) and | ml of 
dimethyl sulfate. Five additions were made. The solution was poured into water 
and the methyl ether extracted with methylene dichloride. After washing with water 
and drying, evaporation of the solvent gave 2°10 g of oily methyl ether (XV) which 
resisted crystallization 
Oxidation of 3-methoxy-9//10-seco-1,3,5(10)-pregnatriene-11,20-dione (XV) 


A solution of 5-0 g sodium hydroxide in 100 ml of water was heated to 90 and 
1-0 g of (XV) added. A solution of 4-0 g of potassium permanganate in 80 ml of 
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water was added in 20 ml portions 


Each addition was made when the permanganate 


portions of potassium 
t 90° for | hr \ total 
was added 

ic 


ited 


27 
‘ 
conor oF ine previous Was areca rinal 
per indic We°re in} ine Con Dcrsis 
to des the CXCESS igen! Ihe so “was 
to ss. The residue was ed three times $0 ml portions of hot ethyl 
ace Ihe ce ed css ihe ctinvi acetatc 
‘ 
| adsoryt ul uc cai Wil 2 Sa pie 
9//10 3, | (XVI) 
Five s of (XI) ed 150 ne and added to 300 ol 
1< 
Del ind (XV1) 
‘ 
ae a ) Sh B4 hed 814 mg 
inal, Caicd. for C,,.H.,O.: 9 8-05. Found: +386, 75-88: H 
7-46 
(B) From |-androstene-3,11,17-trione. Pyrolysis of 1-0 ¢ of 1-androstene-3,11,17 
mae 
described ab acd | cn whet ecrysi cd 
irom ethyl! acetate melted 209-21. Ihe infra-red absorption curve of this material 
a was identical with that tro \ above 
We ar lebted to Dr. H. Shecht« the Ohio State versity ra mple of 4-met! 
phthalic acid 
ae 
: 
Lore 
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9 
In a similar manner pyrolysis of 0-5 g 


the seco steroid (XXII1) m.p 


‘ 


-frione 


(C) From 


of 1,4-androstadiene-3,11,17-trione yielded 100 mg of 


210-214 

{chm edeements The authors are indebted to I M. Reineke and associates for 

papergran inalyses: to Dr. J. L. Joh n. J. E. Stafford and Mrs. G. S. |] ken 

for spectroscopic studies W A. ch 1 asso SC d 

optical rotations; to V. R. Shellman f d Professor 
in tor vaiuaDie § esuions sc Ol 
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INTERMEDIATE FOR STEROID SYNTHESES 


S SWAMINATHAN and M. S. NEWMAN 


MacPherson Chem Lat ‘ of the Ohio State U niversity 


Abstract The synthesis of netny nexanyarot | ae 
scrided 
INTEREST ina pr ctica synthesis of cortuso ad ot er cortical hormones pron pted 
this estigal the first objective ol ch was the synthesis ol acetvi-60-OX0-da 
metnvi-3.4.6, p ene, | 
CH 
© 
Ln 
H CH 
ila 
H 
O 
H.CH.CO.H 
Th compound could conceivabdly De used as al intermediate many ways [orf 
building up the steroidal skeleton containing ai oxygenated function. Schemes 
employing this intermediate have Deen oul dg 
The Starting material vas 2-mectny exanedionc (11) whicl Was made by 
of met 5-oxoheptanoate nm per ce yicid kKcto ester was pre- 
pared if >-sU per cent vield Dy the reaction oO} carbomethoxybutyryl chioride with 
ethyicadmiun I he dio Il was also obta CU direct Ctnyiation ol dihydro- 
resorcin sul the yield of pure Il was never bette an 42 per cent The alkylation ol 


Il with methviviny! ketone or |-dimethylamino-3-butanone (II1), to yield 1,6-dioxo-Sa- 
methyl-1.2.3.4.6.7.8.8a-octahydronaphthalene (1V), in low yield has been reported.’ ‘ 


When II and III react in benzene in the presence of pyridine consistent yields of 


60 per cent of 1V mav be obtained. The conventional method of alkylation of II with 


the methiodide of III in the presence of sodium methoxide resulted in the formation 


Stetter and UViericl Be h. Ci 8S, 

(a) H. Soa Meek J. H. Turnb W. Wilsor 811 (1953) 
(c) H. Bor R. Pappo d J. Szmuskovic j (19 
‘P. Wieland and K. Miescher He c/ dct 33, 2015 
H. L. Wendler, H. L. Slates, and M. Tishler J. Amer. Cher 5 73, 3816 (1951) 
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Ind. 777. 1117 (1951) 
»binson Chen mad a 
Iman and R. Robin 73. #7? 
(a) C. A. Friedma ~ > 
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of three products: neutral IV obtained in low yield and identified as the bis-2,4- 
dinitrophenylhydrazone, and two acidic products having the formulas C,,H,,O, and 
C,.H,,O,. The former has since been proved’ to be /-(2,5-dimethyl-6-keto-1-cyclo- 
hexen-1-yl)propionic acid (V) and the latter could conceivably be VI arising from 
alkylation of II by the bis-Mannich base, Illa, present as an impurity, followed by the 
sequence of reactions indicated below 


(C.H,),.N CH 


CH.COOH 


XI 
Hydrogenation ofl IV gave the saturated diketone « is-1.6-dioxo-Sa-methyl-1.2.3.4.- 
4a,5,6,7,8,.8a,-decahydronaphthalene, IX he cis configuration was indicated 
J. Amer. Chi 


im tie AY 


compound V whose 


— 
<j 
CH CH CH 
CH CH CH CH. O 
CH.CH,COOH 
Vol. 
CH CH CH CH CH CH 
< < 
CH CH OH oO 
vi 
A similar ca e ol tort il of byproduct rol ab s-Mani is been reported 
€4 The reaction of met nyl ketone with IL in the presence of Triton B furnished in 
mixture of pyrid and dic imine benzene to give IV in 62 per cent yield 
Con pound 1\ ecg W e alkali underwent cleavage to v-(6-methyl-3- 
OX0- 1 nerve! } tvric acid Vill 
( 
H. O ( O H 
O 
vil Vill 
O 
CH O C.H.O 
; CH 
i Es of Il with t f odide of Ill. We believe, however, product to be the isomeric 
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n apparently identical compound has been prepared* through a Diels-Alder 
5 


between 2-methoxybutadiene and 2-methyl-2-cyvc/ohexen-l-one followed by 


of IV with ethylene glycol and p-toluenesulfonic acid gave a 


1 as X with the double bond tn 4, 4a-posit on in accordance with recent 
yl orthoformate, IV gave the enol ver XI in excellent yield 
is attempted in if ways Starting with XI. This enol 


urthet 


tly and 


prod cl sOlat parent liketone 1\ propeny! 


| u 


acetate X VIET furn ‘ ingie a VY Act lf XIX in good yield Prolonged 


4 
ketal formulat 
wor} With ¢ 
The synthes 
i ae ether when treated with hydrogen cyanide in the presence ol triethylamine gave a ae 
‘ 
a ee mixture of the epimeric cvanohydrins, represented by XII, in 50-55 per cent yield ay: 
vas denydrated wit ‘ OF nd p ospnorus oxychloride to 
give a 52 per cent yield OF [-cyano-6-cl sa cul 
X11 | Ss unsa ted e was tne cated ein esium oro de; : 
on ee however. there was no evidence of formation of the desired ketone I, and from the 
N N CN Vi 
reaciio mixture tf Cre Was ited Lite ‘ t ol tertiary 
i alcohe prob XVI d keto rile I] keto nitrile. which was obtained in 
formed an ora 4: 2 tro-pnel nvari ind sno ed orpuon al 289 mu 
ey (logy) €2°1). This evidence supp. ucture XIV than XV and other possible 
aile ite structures \lh drolysis of XIII tine Keto nilrile e the unsatur- 
ated acid XVII psorptli a | nsat ted acid, when 
treated OX ride sta oleculc ve a compound, probably a 
Se lactone, whic however, proved eactive | ds dimethyl cadmiun mz 
hae qua itively w drogen cy de to yield e of the epimeric cyanohydrins, 
XVIII. This mixture resisted all attempts at de iri n bya ety of reagents, the 
CO.H H CN DAC CN OAC CONH 
*I. 10. B tk. Obect 20, 648 (1950); C.A. 44, 8913 (1950) 
Poos, C. E. A R. E. B L.H.S 1, A Soc. 422 (1953 
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hydrolysis of XIX with acid led only to the amide XX; the acid apparently was not 

formed 

tylide in terti 

of the epimeric ethynyl alcohols XXI and XXII was obt 
Structure XXI was ass 


From the reaction of XI with potassium acet mixture 


ield 
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OH 
soluble isomel The ultra-V1o and nira-rea soOrpuo dat gouvdt as 
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vinyl ketone. Stirring was continued for 2 hr while the temperature of the solution 
was allowed to rise to 27 After extraction with 50 per cent potassium hydroxide 
solution and washing with water the dried solution was fractionally distilled through 
a 10 in. Vigreaux column. Following a forerun of volatile material with an amine-like 


odor, there were obtained 195-4 g (68 per cent) of colorless liquid, b.p. 69-73°/16 mm. 


\1 


Method A. Toasolution of 90 g of sodium in | |. of absolute methanol was added 


slowly 430 @ of dihvdroresorcinol'™ (3-84 moles). Gentle reflux was maintained as 


650 ¢ of methyl iodide was added over a period of 2 hr fter standing at 25° over- 
hite needles of Il, m.p. 208-210, were obtained. Concentration 


night, 130 ¢ of long w 


of the remaining solution afforded an additional 73 ¢ of material of the same melting 


point. The combined fractions, 203 g (42 per cent) were used directly in the next step 


Methyl 5-oxoheptanoate" 

To acooled solution ‘thylmagnesium bromide, prepared from 109 g of 
ethy! bromide and 24 v nagnesium il cn inh rou her, were added 98 ¢ 
of anil ydrous 
mixture was stirred for an additional pet 4S min at room temperature 
was distilled rapidly 
1 


ide 


comp etion 
of the addit ure Wasi! vill lirril nina ne decomposed 
with and SULLUTEA ne with t ul nat and saturated 


salt solutions t vel tripp tillation afilo ¢ r cent) of 


residual liquid 
0-05 mm solidi- 


of IV, m.p 


obtai filtrate with 


petroleum ether 

In a subsequ run en rs 2 moles) of II the reaction product 
remaining after removal of lified by “ding th the product obtained 
above he material wi ‘nm triturated with | an ‘red to give 85 ¢ of IV 
The filtrate after concentrati 1 gave 100 ¢ qu d wh 1 when dist lled im vacuo 


r of a fraction, b.p. 109 115° at 0-05 mm and 40 g of a higher fraction, b p 


140° at 0-05 mm. The former vielded 32 g of crystalline 1V. The filtrate from this 


19, 393 
(4) 3, 421 (1908 


‘ 
1 
> ae. benzene and the benzene suspension was well stirred. A solution of 52-5 g of v-carbdo- Pe 
ester, b.p. 96-97" at 8 mm mj, 143525 
The cyclization of 76°5 of this ester’ gave 48 (79 per cent) of Il, m p. 210 
A mixture of 25 Il, 17 ml of pyridine, 34 of [-diethyla o-3-butanone and 
oa 250 ml of benzene was refluxed for I8 hi After cooling, the solution was washed 
2 ee, Successively Will 140 ml of § per cent hydroc!l oric acid two 200 mi portions ol water 
and saturated sodium chloride solut After removai of soivent 
? ‘ ‘ sh, } 1< 
(30 was distilled in vacu The fraction (20 g) with b.p. at 
ce fied when cooled in ice and was crystallized fro tne to ive 13 Fe ; 
eye 47-48°. An additional 2-5 ¢ of 1V was es 
cave SS 
| 
R. B. Thomps Ore. S j 27. 21 (1947) 
E. Blaise and M. Maire Bull. Soc. Chim 
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crystallization was concentrated and the residual liquid (23 g) as well as the higher 
boiling fraction obtained above were treated with hydroxylamine hydrochloride to 
After decomposition with pyruvic acid the dioxime yielded an 
The total yield of IV was 61-64 per cent. 

The analytical sample of IV,’ m.p 47-5-48-5° OM 943 mu. logy e418 was 
obtained after two recrystallizations from ether he Lr. spectrum showed two 


absorptions at 5°82 and 5-98, in chloroform 


give the dioxime of I\ 
additional 15-20 g of crystalline IV. 


carbony 

The bis 2,4-dinitrophenylhydrazone® of IV melted at 247-5-248-5° (dec.) after 
crystallization from ethanol-pyridine. A mono-2,4-DNPH was also obtained and 
5—186-5°. Anal. Caled. for C,,H,,.N,O;: 


crystallized from ethanol-pyridine, m.p. 185 


C. 57-0: H. 5-1: N, 15-6 Found: C, 56-7; H, 5-2: N, 16-0 
The dioxime of IV was crystallized from methanol and melted at 199-200". Anal. 
Caled. for C,,H,,NeO,: C, 63-4, H, 7-6: 13°8. 


Re generation of LV from it 
A mixture of | g of thedioxime, °g of pyru- 
r and diluted with il of I fter neutralization with 
ther extract 


anhydrous 


iined 


nelted at 


methanol gave at 


ina ( aled 


N, 17-3 


f diethylamine and pyridine afforded 


IV, m.p. and mixed m.p. 46-48", in 62 per cent vield 


gl 
Vol. 
e after washing with saturated sodium chloride solution and drying over anhyH 
AR sodium sulfate was concentrated to give 0-7 g (82 per cent) of crystalline IV 
Cis-1.6- (1X) 
; * 4 solution of 0-5 g of LV in 25 ml of abs ite alcohol was hydrogenated at 40 Ib/in 
a in the presence Of ot pe cent paliad CU caroonale alt 4 
After removal of ti talwet and ntration of the filtrate to 5 ml. 440 me (88 per 
cent) of small white crystals, m.p. 63—64°, was obtained. The analytical sample, obtallllll 
by recrystallization from ether-petroleum ether, b.p. 35-40" (Skellysolve F) 1/7 
64-5-65-5°_ 7' 928 log, 1-59 
inal. Caled. for C,,H,,.O.: 3-3: H, 9-0. Found: ¢ 3-3: H. 8-8. The disemi- 
carbazone® melted at 219-222 
2-Methyl-2-(3 -oxobuty/)-1,3-cyclohexane ne, Vil 
A mixture of 7-6 g (0-06 mole) of Il, 6 ml of 85 per cent methyl vinyl ketone,* 35 ml ; 
ol methanol, ancdu'sn oft percent | B( quate arya oniu ydroxide Dase) 
was retiuxed Io! ni | etnanol was oved DY QCISI allt and tne res dual 
Was poured into water acidified wil Lor YOroc ric acid, 
and extracted with et The extract was washed with 5 per cent sodium bicarbonate 
solution, followed by saturated sodiu C ( ge soiutol After dryi and removal i 
, 
of solvent, the residue was distilled in vacuo to give 4-1 g (35 per cent) of VII, b.p 
1] mn Treatment wit 1, hydrochloride in pvridine 
114 iio at U'l mi reat ent Wit UrOAVIia ine VOTOCNIK ae DVricine- 
m.p. 181—182°. after two crystallizations from methanol 
| 7 17 
es C,,H,,N.O0 C, 54-8: H, 7-9: N, 17-4. Found: C, 55-2, H, 
8-1; 
; * We are indebted to the Du Pont Company for generous gilts of methyl viny! ketone 1 
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Ihe semicarbazone’ meited at after two crvstallizations from absolute 
ethano 
inal. Caled. for C,.H,,.N.O.: C. 56°9: H. 7-6; N, 16°6. Found: C, 56-9; H, 7-8; 
The 2.4-dinitrophe ydrazone elted at 103-104 afte cry ns from 
Calcd ( S6°4 H. 6° d: ( 56-2 
H N, 13°9 
Vill 
‘ 14 th 5 ml of 
Vol. 
19068 5-78 : and 5-98 chloro- 
. . CU 
85 Sandwic 
inal. 4 ( H,.O ( > H. 8-2. ad: ¢ 
hy j ‘ ed 
X After 
cle () yf 
Cale C,,H,.NO.: H. 8-2: N d: H, 8-0 
\ 
iat) s collected. On crvsta ether 55 (48 per cent) of m.p 
150-156" was obt ed 
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1-C yano-6-ethoxy-Sa-methyl- & 8a-retrahydronaphthalene, 


ot 4)? ol in 175 ol pyridine were added dropwise 


To an ice cold solutior 

44 mil of phosphorus OXyc! oride i iting » was allowed to star 

ior 2 } n ated on a st oonneg 


‘ 
ately as 


obta ne product 


was ti 


heated 


wi 
‘a 
from arising from hydrolysis of the enol ether the Gisiiiiate was pe. 
% benzene ul a 4 ni of 2 per cel va )-§ | 
— +O adsorpuo it 46 (Sandwich cell) 
inal. Caled. C,,H,,NO: N, 6&5 Found: N, 63 
(1) fi NH 
<a 
85 ml of 6 N hyd d. concentrated and 
il ind the | f —OH, —CN and —CO 
of 6-hyd 4.6,.7.8.8 lronay XVI, mp 
92-93 w bt i had 
inal. Calcd C,.H,-NO: H, &4; N, 69. Found: 69; H, &4 
92-96". The dist 1, and after two cryst | ther-S 
4-75, 5:34, and 6°04 chloroform) 
ina ( alcd ( NO ( H N Found ( 69 H o's 
N, 7*7 
ange 2.4-dinitrophenylhydrazone of XIV melted at after 
crystal ition from ethyl acetate-cthano 
inal. Caled. forC,,.H,; N,O,: C, 58-8; H,4-7; N, 191. Found: C, 58-2; H, 47 
N_ 18-6 
= 
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6-Oxo-Sa-methyl-4a.5.6.7 8. 8a-hexahydro-\-naphthoic acid, 


A mix -of6g0 ethylene glycol, 5¢ 
ture of6¢ of XIII, of ethyle |. 5¢ of sodium hydroxide, and 10ml 


of water was refluxed for 8 hi After c nixture was pour into water 
and extracted with ether to ret | 
with dilut 
filtered wi 
the filtrate 
ethanol 
1OL 
ina 


rhe 


similar 


Lat 


97 
same acid was obtained in comparaDie yicids Dy hydrolysis ol under 
conditions 
Vol 
Mfionization (7?) of XVII and react 
+ 
A mixture of | got ¢ tiny > XVII 
mi of benze l 
W he ine eid XVII acu d was 
inai. 4 cd. tor ( H. 6-4. | H. 6°4, 
1-C ya j | ] XVIII 
lo ce-cold 4 dded 
ive d | 4 \ ( ] 
for W d d | due 
hic dified d i dried. 1 d of 
crude ¢ \ 
114 44 ( ag 
u (Nujol) 
inal. Caled. | ( H,.NO ( H N. 6°} | 70-4. 70-2 
l-Acel l-cva f 2.3.4. aphtha XTX 
mixture of gofX VIII,4 ml of isoproy cetate, and 10mg of p-toluenesulfonic 
mate appeared ‘ pl ed ‘ i as eating 
period iS OVE After « ta ation fre 5°] (85 per cent) of product 
m.p. 203-207 was obtained; recrysta Lo ym alcohol yielded the analytical 
sample, m.p 208—210 r. absorpt maxima at 5-68. 5-96. and 6:12 uw (Nujol) 
inal. Caled. for C,,H,,;NO,; C, 68-0; H, 6°9; N, 5-7 Found: C, 68-1; H, 7-0; 
N, 5:7 
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nick XX 


yric acid was refluxed 
was extracted with 
231 the 


ind the alkali- 


somer) 


lted il 221 
red 2.4-DNPH of 


(DNPH of XX1) 


2. 3.4.6.7 


tah aro- 
e. XXI 
4 solution of 1 was refluxed for | hr 


acuo and the dark brown 


The excess formic acid wa 


= 
A mixture 2°) ol XIX and of concentra ed hydroch 
iy 
try << cid was remo’ ed acu ‘ g the res d u 
| tone so tion aflorded U's g ol materia 
d fron nol t e an additional 0-41 of material 
2 | a ory {af ( ere ¢ itt etnanoi 
‘ of er was 1 
ck pe ‘ ‘ ‘ ATTA % 
f c ack e ether layel 
vas f 5 per cent potassium 
Lic After drying, the 
{4 ere deposited. Alter 
cold ¢ (40 per cent) ol : 
) j j re ¢ | 7ations 
7-900 2-08 4-79 1 (Ny ) 
j rt 9 +-O8. 4-79. and 60 
: 
(N 
C,.H,,O,: 1: H.7-9. Found: (1 76-4; 76°3 
C,.H.N.O.: C. 59-4: H. 5:3: N. 14-6. Found: 
H. 5-4 (DNPH of XXII) C, 593; H, 5:4; N, 14 
irbonatle ¢ ract. DV ac difving and extracting 
wil ( produc ( ( lization from ether-Skellysolve 
cited aione ang mixed WILh aUuLnentic Vill al ‘ 
The 
then removed by distillation in 
4 
P 
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residue was taken 1 W Vashned success- 
‘lv with 100 ml. o 


nt potassium carl 


saturated sodium 


with charcoa an 


lization 


100 

The 
dried over 
at 0-002 
6:17 u 


{nal Calcd for ¢ 


st 
i 
99 
eated 
from ether containing some ethanol meited at 45-140 alone and mixed with 
authentic XXII 
Ihe ether hitrate iett Scparaulon O XXII as treed Of soivel Lilet esid call 
tarry liquid treated e hydroc de in p and metnano! 
small amount olf the dio e of | LUU 
In a subsequent 28 cof XXI crude li paratio 
Vol. 
? pre mah i 
1958 inal. Caled. for ¢ H | H, 8-0 
ind a sol \ I 
\ 
( ( ri \) ‘ 
{)-* { Xl 
\ 
cl 
th ) NAI 
H ) N 
|-A 3.4 
acid and 201 
C, 76-4; H, 7-9. Found: C, 76-6, 76-4; H, 7-9, 7-9 


Tetrahedron, 1958, Vol. 2, pp. 100-115. Pergamon Press Ltd., London 


SYNTHESES DE SUBSTANCES POLYCYCLIQUES—IX* 


OBTENTION D’x-DECALONES SUBSTITUEES PAR CONDENSATION 
DIENIQUI 


F, WINTERNITZ et C. BALMOSSIERI 
Ecole Nationale Super Chimie, Montpellier France 
(Laboratoire M. le Professeur Mousseron) 


(Received 20 July 


opropenyle sur 


Resume icétoxy-1-vinyl a ré par acti 
| isa innv< male inone, 


dition 


DE NOMBREUSES synthéses de produits polycycli aux stéroides font 
appel a la reaction de Diels-Alder Pendant longtemps les travaux effectues ont eu 
pour but lobtention d°hormones sexuelles ou de subst: - Il y a quelques 
seulement, Sarett* a montre qu’en utilisant un il était 

er des composes cycliques trat mables en produits carbonyles; 


cl Robinson* McPherson ont propose 


une tonct I la synthese de 


Acheso! 


l'acyloxy- ou d’alcoxy-dienes 
re, est un acyloxy- ou 

aucun produit de ce 

ont decrit la pre- 

ion avec des quinones; 

sé avec differents dieno- 
produit que nous avons 


de compose offrait des 


S.S.S.R. 104,729 (19 


Brooks J. ¢ 


Ve 
1! 
acrviate de méthyle. anhydride citraconique) ont éte realisees. L hydrolyse des produits da 
formes a pel nis ovtent dgecaiones subdstituces 1conng ition stérique a ete etudiee 
céto-| 1-steroide 
Il était donc interessant detudier le comportement 
alicvcliques, et un produit conve! ye, pour une cluce p 
alcoxy-vinyicyv exéne. Quand nous avons entrepris 
ha) eer genre ne semblait G&tre connu. Depuis, Favorskaya e 
ee paration du (methoxy l-vinyl)-l-cyve/ohexene et sa co! 
ensuite Nazarov’ et Ansell et Broo} prepare ei ¢ 
pl Cs facet nexene ti) C est ce de 
possibilités de synthese interessantes.° 
M.M et G.I Bull. Soc. CI Fr. 170 (1955) 
A.N k LW. B WOR dans R. Adams Organi 
j New York, T. 5, 1 
K M.S L. 7 Progr 
\ \ 10 N.N rov et co 
| Ak Nauk S.S.S._R.. O Nauk. 4 blic 
Se 5 ae L.H.S R. M. Lukes, G. I. P J. M. Robinson, R. E. B J. M. Vandergrift et G. E. Arth 
J. Amer. ¢ 74, 
‘RM. Ache Sir Chem. Soc. 112 
M.S.N MeP Ore. Ch 19 
k V. Fe 24, 24 1954). Cher fhs. 49, 4538 (1955) 
K her 25, 14 ( 50, 485 
N.N V.F.K V. M. And aG.M.S Dokl. Akad. Nauk. SS) 
1) M. FLA et G. T. Brooks Ch Ind. 916 (1955): (b) M. F. Ansell et G. T. hem 
hae Soc. 4518 (1956) 
F. Winte tC. Balmossiére Bull. Soc. Chim. Fr. 6, 767, 1393 (1955); 248 (1956); 108, 625 (1957); 
oe ae ee M. Mousseron, F. Winternitz et C. Balmossiére C. R. A Sci., Paris 243, 1328 (1956) 
100 
: 
2... 
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Nous avons prepare (I) par action de I’acétate 
d’isopropényle sur l’acétyl-1-cyclohexéne en présence d’acide sulfurique concentré.!° 
La structure du produit obtenu a été confirmée par le spectre d’absorption ultra- 
violet qui présente un maximum a 232 my, ce qui est exactement la valeur calculée par 


les regles de Woodward." 


Le diene (1) donne facilement un produit d’addition maleique, qui est hydrolyse 
en acide oxo-4-décahydronaphtalénedicarboxylique-1,2 (II) D’apres son point de 
fusion, ce produit est identique au produit de configuration trans-syn-cis* obtenu par 
Ansell et Brooks.* 

La quinone s’additionne sur | et conduit suivant les conditions experimeéntales, soit 
au produit d’addition simple, soit au produit d’addition avec deux molécules de diéne. 

Le premier (III) se forme quand on utilise des quantités équimoleéculaires (sa 
purification est alors laborieuse, car il est souillé de quinone) ou un excés modeére de 
diene. Il a été identifié au moyen de son spectre ultra-violet, qui est semblable < 


celui du produit d’addition l-cvclohexéne quinone™ et du produit obtenu 


par Ansell et Brooks*” a partir de la quinone et de (1). La double liaison en C,—C, 


se laisse aisement reduire par le zinc et l’acide acetique a 20 

Pour des proportions importantes de diéne, c’est (IV) qui est produit dans la 
reaction. Le faible rendement ne nous a pas permis de decider entre les deux formules 
possibles (1Va et IVb) 

Nous pensons pouvoir attribuer a (III) la configuration anti-cis indiquee. En 
effet nous l’avons obtenu au cours de deux expériences réalisées dans des conditions 
differentes 

(1) a la température ambiante pendant 72 heures, et le produit obtenu est tout a 
fait identique par son point de fusion, son comportement a la chaleur et son spectre 
ultra-violet, a celui prepare par Ansell et Brooks* dans des conditions analogues. 


Pour désigner Ol furation us Ul scrTor ony de nstead Les points sig 


sol fait 
moOtecule qui tail 


$, 125 et 307 (1954); 
Yet 2 (1955) 
** R. B. Woodward . mer. Chem. Sou 
‘SP. A. Robins et J. Walker J. Chem. S 
' R.P. Linstead Chem. and Ind. 56, 510 (1937 nstead et A.L. Walpole J. Chem. Soc. 842 (1939). 


E 
> Oo H 
Vol. 
2 
4 
IV 
que les atomes d'hydrogéne (ou les méthy angulaires) se trouvent du cote de face 
lecteur 
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| 
| 
ela su i DAS du point de us N ure indigue / ies 
produits semblent étre identiques (nous trouvo (UN) 9) 
| 
Pe 
| 
J 
te 
| 
: 
4 
Wie 
ig 
is 
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La position spatiale du groupement carboxyle dans (V, R H) 


a ete détermineée 
par passage a des produits decahydronaphtaleniques connus. Nous a\ 
carbo! ipp 


5 ippliquee a | H). soit 


pal 


m aral ap ice al’ el nvlique CH.) 


Dans les deux cas obtient un acide decahydronaphtoique (V1) / qui 
Pee aA parail etre acide trai trans | 02° décrit par Daube | point de fusion de 
vra rhe di t que dans sla dc pl 
Vol. 
9 
10CR 
N 
a4 
NN’-d VI Vill 
XI, 
(XI, CH.) 
ob 4 
73 
q 
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duqucl 


en accord 


WIN TERNITZ 


c 


Ba 


MOSSIERT 


que (1X) i 


de rusion 


3 
AcO 
— 
he 
x 
> 
ceux d ou rmer ce ge vue par ic passage a 
cde duit thet par N a] du exene et dk 
. 
ial ac ( ic po ( goptent ta structure cx 
4 ‘ uc (Vil). qu Gad es conditions ordinaires 
peut Ctre cfiectuce sous pr (SO ke) ¢ esence dec | ce. Elle pagnec 
d hydrogen e ect lon « ent un a dride d d aphtalen parti 
nous avons pre} tou une ae es dk les sont 
COUX indiqués par Nazarov™ (voir Tableau 2) 
1. N. Nazarov, V. F. K Vv. M.A Bull, Acad. Sei. U.R.S.S. Div. Chem. Sci. 67, 77 
a 


M 


XI 


litt rir 
e ¢ HLLCrature 
A j ‘ 
4 uit ‘ 
prod ge co cis 
| 
agro cé espondant 
¢ L’ext SIO ge ce 
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ay : Par contre. la réduction du diacide cétonique (XI) par la méthode de Clemmensen 
Jor ou p méthode de Wolff-K er fi liacide saturé (X11, R = H) différent 
- que nous avons préy tir de (XII, R =H t tota t différents de ceu 
al dro de ce de Nazarov (cf 
d d XH, R= CH,). tot que 
Vol. ite 
2 \ t de Wolff-K er aient 
1958 nu ( part iffaire 
dride 
‘ | ectia 
fag 1X) 
| xX liffes i¢ par la configuration des 
tate ol avant donne ta con- 
gaa ny en 
e re na 1d é gue det de la 
P le (X11) 1 " t de (VII) p d e el 
tions de Wolll-K de aec e 
prod dro talvtique de (VII) le novau de la cis- 
ace | ] Lik i 
| na ppul d¢ pothes faut ler 
Heer et M tré que le diest li 
met )-he aro 3.9.10, 10a-] ire gica 
da equel les iux B et C possédent la confign 
travall a Ges plus condenses est poursu 
> 
14 H,CO 
Heer et K. Mliesc Helv. Chim. Acta 32, 1872 (1949 


WINTERNITZ et C. 


PARTIE EXPERIMENTALI 


(1) \ ingt-cing grammes d’acetyl-1- yclohexéne** 


atmosphere d’azote en presence de 


concentre, facol ller lentement un melange 


es dacide sulfurique 
sopropenyle (20 en 4 heures) 


on reprend par 250 


sodium et fractionne 


de 


‘acide 


ry | 
Dius Cleve? 


(2) Trois gran | mole) dans 
d’alcool absolu son abandon une nul 


constitu 
cm® d’éther. lave au bicarbonate de sodium, séche sur sulfate dc 
On obtient 25 ¢(/5 rau liquide incolore d odeur agreabie I 110 
Spectre u.v. 232 mu, log 
Indice de saponification:0, 43. dacetate d en sont saponilies pal 20 cm’ Ve 
potasse alcoolique 0,93 N (30 80°). L’excés de potasse est dose par 
i. 
cnio Varique | N (16 presence de phenoiphtaleine 1¢ 
{cide trans-syn-cis thydronaphtaler ue-1.2 (11). Un gramme 
ae de yhéné. O and e une nuit a la température ambiante, puis on porte a 
ref nendant t. ler t | 
u Aces une M iree Ge Ca ac a penda eures Les 
p UU cS Call CS acid ees Par ac de Chniol 
\ ( H,.O Calc ( 60.00 H 6.66 
240) Ty $9 6 69 
ol absolu sont ajoutés 4 ¢ (2,4 
s) 1). O nte pendant 3 jours 
e (Rd ae | R aise dans 
pres e produil tiond a nou iu a 
419.79 
Analyse: C,,~H,,O Ca C 70,05 H 6.61 
| HO RO 4 
Ansell et Brox dique / 11s 0, se resolidifie a temperature 
4 
log 7.35 1.9? 
ta 
F. E. Ro eC. M.H Ore. CI 158, 1153 (19M 
q 
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temperature ambiante, on évapore a sec sous vide et le résidu semi solide est recris- 
tallise dans l'alcool-ether de petrole jusqu’a point de fusion constant. Rendement: 
1.1 g (30°,) 116,5-118 

Identique au produit precedent: F (mélange) 117-120 

inti-cis - acétoxy-9 - dioxo- |,4-dodécahydro - |,2,3,4,4a,4b,5,6,7,8,10,10a - phénan- 
thréene. A 0,15 g de produit d’addition dans 10 cm® d’acide acetique glacial sont 
ajoutes par portions 0,15 g de zinc en poudre, a 20°, en agitant. On agite encore 10 
min, filtre et evapore a sec. Le résidu solide est épuisé a l’éther de pétrole contenant 


quelques gouttes d’alcool Les solutions filtrées et concentrees laissent depose! 0.1 g 


d’aiguilles blanches, / 116-117 Different de l’adduct initial (mélange / 98 
103°) 
Analyse: C,gHs9O,, Calc C 69,55 H 7,29 
(276) I 69,62 7,28 


Produit d’ addition double (AV). 0.5 ¢ de quinone et 3.6 2 d’acétoxydiéne (4.6 moles) en 


solution dans 5 cm* de methanol absolu sont abandonnés deux jours a la température 
ambiante. Apres dilution avec un volume d’éther de pétrole et refroidissement 
plusieurs heures a 0, il se forme un précipité qui est recueilli. Recristallisé dans le 
methanol-ether de petrole. Rdt = 0,25 g (12,5°,). Poudre cristalline blanche, 
238-240" déc 
Analyse: Cy,Ho.O,, Calc C 70,90 H 7,25 
(440) Ty 70.60 7.36 


{cide trans-anti-oxo-4-décahydronaphtalénecarboxylique-| (V). Douze grammes de 


1, 6.5 g d’acrylate de méthyle et 0.2 ¢ d‘hydroquinone sont placés dans un tube en 
pyrex et chauffes en tube scelle 4 160° pendant 15 heures. Le mélange réactionnel est 
distille. On obtient 12 g (66",,) de produit d’addition Eb, 118-122 

Ce produit d’addition brut est saponinie pal 10 g¢ de potasse dans 20 cm?’ de 


methanol, a reflux 5 heures. Aprés évaporation de la plus grande partie du méthanol, 


on reprend par de l'eau, extrait a l’éther, décolore les eaux et les acidifie par l’acide 
chlorhydrique concentre. L’acide qui precipite est extrait a lethe Rendement: 
7.5 ¢. 150-3 
Recristallise dans lalcool-cyclohexane Prismes., 153 4 
Analyse: C,,H,,Qs, Calc C 67,34 H 8,16 
(196) 67,28 8.13 
Se/ de S-Benzylisothiouronium. 146-7 (alcoo! dilué) 
Analyse: C,,H.,.N.O.S, Calc N 7,73 
(362) 8.06 
Dinitro-2,4-phénylhydrazone Poudre cristalline jaune orangé. / 210-2° déc 


(alcool) 


Analyse: C,-Ho Cale N 14.89 
(376) 15,02 
de méthyle-| \ une solution 


étherée de 4 g d’acide on ajoute par portions, 4 0°, un excés d’une solution éthérée de 


7 
Vol. 
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diazométhane. Apres un contact de plusieurs heures, la solution est e¢vaporee sous 


vide et le résidu distillé en boules. Rendement 4 g. Ebg 120°. Le produit se 
solidifie lentement par abandon a la température ambiante Il est purifie par passage 
sur une colonne d’alumine et élution au benzéne. Solide cristallin blanc. / 54-55 
Analyse: ¢ eH, .O, Calc C 68,57 H 8,57 
(210) Tr 68,45 8.70 
Dinitro-2,4-phénylhydrazone. Poudre jaune-orange. | 161-2° (alcool) 
Analyse: Cak N 14,36 
(390) Tr 14,49 
{vide trans-anti-décahydronaphtalenecarbo we-1 (V1). (1) Réaction de Clem- 
mensen. A 50 ¢ de zinc amalgamé, 25 cm* d’acide chlorhydrique concentre et 10 cm 
d’eau sont ajoutés 4 ¢ d’acide céetonique (V, R H) dans 50 cm® de toluéne et 50 
cm’ d acide acetique. On fail efluer pendant 48 he es 1 cours desquelles on ajoute 
6 portions de 10 cm’ d’acide chlorhydrique concentre Apres le traitement habituel, 
on obtient un produ pate XQ est esterile par ic diazomethane La distillation en 
houles fournit 3.5 ¢ d’un liquide incolore Eb, 110°. Cet ester est saponifie pal 
20 CT! ge potassc a cooidque ) dao da solide lanc 
Rec Stailise da ae petrol ij 
Analyse: C,,H,.O Cak C 72,53 H 9,89 
(182) 0.10 
imide | 206-8 (sublimation) 
Analyse: C,,H,,.NO ( N 74 
7.70 
(2) Methode de Woltro Karabinos ? gd este cétonique (\ R CH.) sont 
es a ercap 0.3 ae ¢ e ac c ftraichement fondu et 
0.25 age sul ed od ( ta On abandonne a 
pendant 20 heure ¢ ctionnel, « ris une teinte rose vif, est jete sur 
»0 iC ect i Les soude 10 i1iecau 
seches sur sullate Ss | dod useabonde qui reste tes 
traitee par ¢! Og de nickel Ra (x d’ak i 70 iu reflux pendant 
une nuit. O ltre, concentre sous vide ¢ i] e le resid ileux. Rendement | g 
94-9 
Identique (point de fusion et point de fusio ( é) au precedent 
it ] \-B a 7 ecal ipl en Uy ramme d’acide (V1) dans 
28 « de chloroforme et II cn d acide sulfurique concentre est traite pa 
d’azidure de sodium dans les conditions opératoires decrites par Dauben et Hoerget 
Le benzoate, prépare a partir de l'amine brute par la met! ode de Schotten-Baumann, 
est recristallise plusieurs fois Gans alcool dilue. / 194-5 La littérature 


indique 


ondensal a a “acro } d'acetate d’énol (1) et 1.2 ¢ d’acroleine 


sont chauffés en tube scellé en présence d'un peu d’ hydroquinone, a 140-150 pendant 
15 heures. La distillation en boules du melange re onnel fournit 0,3 ¢ d'une huile 
Eb, , 110°. Aprés hydrolyse par le carbonate de sodium, a 100°, on fait la dinitro- 


2,4-phenylhydrazone 


an 
| 
ae 
Ve 
J 
E 
re 
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Bis-dinitro-2,4-phénylhydrazone 225° déc. (alcool). 


Analyse: Cale N 20.74 
(540) Ir 21,14 


Condensation de \ avec acrylonitrile. 2,5 ¢ @acétate d’enol (1) et 0,8 g d’acryloni- 
trile dans 5 cm® de toluéne sont chauffes en tube scelle a 140-150" pendant 15 heures 
Rendement 0,3 g. Liquide incolore, Eb g 9, = 115°. Hydrolyse par le carbonate de 
sodium sature, a 100 

Dinitro-2,4-phénylhydrazone 160-161° (alcool) 


Analyse: C,;H,gN;O,, Calc N 19,63 


(357) 19.9)? 


Condensation 


40 et 9 @ d’anhydri 


d’acétoxydiéne (1) (exces de 


elie en presence de 
0,1 g¢ de pyrogallol, : 120°, ndant 21 heure On abandonne a la temperature 
} 


ambiante .* NCUTeS, recipite cristallin forme est essore et 


lave a l’éther ndement .4 d’anhydride de l’acide anti-cis-acétoxy-4-methyl-1- 


octahydro-1,2,3,5,6 i-naphtaléne-dicarboxylique-1,2 (VII), / 139-14] 


Recristallise dans un peu de Denzene ine nche 142? 143 


(1 mole) et 


ours de laquelle 11 


permet 
| 

YOTOLYSe 
produit 


lalcool- 


f ta j | -nanhta j 
{cide anti CiS-acetox -/ } 


lique-1,2 (VIL). (1) Forme hydratée. Un gramme de produit d’addition est dissous 
25 cm® d'eau distillée a l’ébullition. On fait bouillir encore 1/2 heure aprés la 


dans 
dissolution totale. Par abandon une nuit a la temperature ambiante, il se separe 0,8 
de cristaux. Recristallisé dans lacétone diluee 


Ce produit n’a pas de point de fusion net: par chauffage il fond en partie a 


109 
q 
Vol. | [anhydride citraconique.. 3 i i 
| 
Analyse: C,.-H,.O.-. Calc C 64,/5 H 6,52 
(9 64.46 6.350 
{nilide-acide Deux grammes de produit d’addition, 0,7 d’aniline 
le 60 cm* de toluéne sont portes a reflux pendant une heure, au CE se ; 
forme un precipite Dianc Apres refroidisseme ceiul-ci est essore, lave avec un peu 
de méthanol et d’éther de pétrole. Rendement 2,3 ij 220-2 dec. Recristallise 
dans | ethanol Petites et nes aiguilies cotonneuses 222-224 dec Soluble 
dans ia soude iV a roid 
Analyse: C.,,H..NO C H 6,73 N 3 
(371) 67 R23 3 70 
| es eauX-meres du produit solide precedent sont distillees en boules, ce qu : 
d’obtenir 3.3 ¢ d'un produit pateux jaune cla EDa a, 
alcaline en est effectuee comme pour le solide (voir cl-apres). On obtient ul 
cristallise / 146-15. aec La recristallisation d'une petite pa tic dans Ell 
hexane donne des aiguilles prismatiques . 
ij 179-I81> dec 
Analyse: C,.H,.O-.H.O Calc H 7,39 
(272) 57,68 
: 
ju, 


O,.2H,O 


al 
110 WInNTERNI et ¢ BAL MOSSIERE 
110—-115° avec formation de bulles, puis se solidifie immediatement et fond definitive- 
ay ment 4 160-163 
Anal) C,.H Ca C 59.01 H 6,88 
ie ae d'un excés (20 cm?) de potasse aqueuse 0,134 N, par chauffage 4 100° pendant une i. 
heure. et dosage de | exces de potasse pa cide ark en 
| ve iw) 3 ( a 
ent Ges cris 
Analyse: C,.H.,.O Cak C 60,3 H 6,/( 
ent de sap thode ins 
p P 0.134 N: 2 \ 
Leur say fk H 
\ ( ( NR 
VIL AO acide VIL (1 dre) en s 
d e N-N -dicve 
‘ 4 des () > he 
Mc ec Vil, / 
Vili e de de VIII 
tube scelle, pen \p 
ae. 3 catalvse ' s vide et le résid d éen boules. On obtient 
j Fant s Recris dans \ cs 
Fi AL j Hu es de addit n sont dissous dans 100 ac 
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14 om fait 
_ décoloration, on acidifie par HEB chlorhydrique concentre, refroidit a O° pendant 
une heure, et essore le precipite cristal Rendement 5.2 g (72 ) f 162-4 
agec Recristallise Gans te methan aqueu | aquettes, / dec 
Analyse: C,.H,.O..H,O Calc ( 33 H 7,39 
=! & 
2) for UOptenu par ex ii ether du prec se e dans 
\ Calc C 61.4 H 
4 4 4 
Par 
\ | 
{) 
CH 
| 
i ¢) ( 
NO ( \ 
(IX). Dew es de produit d adc Vil en solution dans cm’ d’acide 
; 
f 
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Optenu 


acetique glacial sont | vad ovenes contact ge de niatine Sol une 
pression de SO kg. a temperature amd ie, pend cures Apre gu 
se: C,.H,,.O Calc C 70 H 8.11 
‘ 
‘ 
cul ? 
22 
j ; ‘ ‘ } 
> (X. R 
‘ C,.H,,0 6 4H 
| 


caiones 


action du 
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- ge de la maniére habituelle par EE diazomethane dans ther sur le diacide 
a aoe correspondant. L’évaporation a sec sous vide donne un huile qui cris ise rapide- 
met Rec Stailse act dans i etne uc pel ole es ores / 
Lag 49 5450 5 
Analyse: C,,H,,O Cak C 67,16 H 8,95 
(968) | I 0: 
| 
Gg ack Cs Pa ‘ ae ‘ ic end 
Vol. \ ( H 
2 9 94 | 
10CR 
a4 
4 ‘ ( HONG ( { ; N 4.44 
{ 
XH, R H) 
‘ ‘ Liu 
| no 
Rec 
; 
p \ > 
} | til ( + ae 
On efluer de 0.5 de l'acide précédent dans 5 ¢ 
de ure ac ‘ Apres ip a sec sous Vide e deux en 
boules pour obte du quide colore visqueux Eb que 
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nous n’avons pas pu faire cristalliser 


Analyse 0.2 H 8,10 


10.16 42 


tnilide-acic iré de la maniére habituelle. Rendement quantitatil Paillettes 


brillante (alcool) 


alc 


diestet 


j 
falienedical 


de 


avec 1.45 


On chauffe a 140 pendant 


nu est dissous dans l‘acetone et 


4 
= 
: 
315) Ir 2,26 6 4.51 
lrans-anti-cis-décanv htal L 2. Obtenu avec un 
rendement de 83 p xces therée de diazomethane su! 
une suspension dec cide d at et nod 
Crics xandon A la températ biante. Recris é deux fois Ve 
dans un peu d'éther de petrole. Gros p es 6 Melar avec XIl d 
1¢ 
< 
R CH / 
Analyse: C,.H,,O, Cak C 6/7, H 8,95 

; 
/ 9 
| fyf 4 
1) } 
j ue sont 
P de tient le diester de 
: dgepart. / OV, 
> ad ' < es, on 
tra de ) aes nt extraits a 
crist r 0.9 de ce produit « nt neutralises 20.8 cm” 
de ) \ ( en este ( cule pour! le ay 
ie ae > 44 Par action d e solut étheree de d éthane, on revient 7 
] 1 enei ju trat } décahydronaph x \- 
18 heures. Aprés le traitement habituel, le solide obtc 
: 
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décoloré. La solution acetonique concentree et refroidie laisse déposer 0, 
cristaux prismatiques / 161-166 déc. (mélange avec le diacide cis, / 
déc.). Par évaporation a sec des eaux-meres, on obtient des cristaux, / 165—168 
déc (0,1 g). Ce produit est donc vraisemblablement constitué d’un mélange des acides 
cis et (rans 

Tentative d’isomération de X1, R H par la soude. On fait refluer pendant une 
nuit une solution de 0,4 g de diacide cétonique dans 10 cm* de soude a 20 Apres 
acidification et extraction a l’éther, on obtient 0,4 g d'un solide, / 166—168> deéc. 
qui recristallise dans l’éther-éther de petrole. / 167-9" dec. N’abaisse pas le point 
de fusion de Il’acide initial. Avec le diazométhane dans l’éther on obtient le diester 
methylique, / 98—100° (brut). Le mélange avec XI, R CH, fond a 100-102 


Dinitro-2,4-phénylhydrazone de lester: paillettes jaune d'or, / 213-4. N’abaisse 


pas le point de fusion de la dinitro-2,4-phénylhydrazone de XI, R = CH, 


Essais d’isomérisation dans les conditions du Clemmensen. (1) 0,5 g@ de LX sont 
traités par 10 cm® d’acide chlorhydrique aux 2/3, 1 cm*® d’acide acétique et 5 cm® de 
toluéne, a reflux pendant 40 heures. On obtient, aprés le traitement habituel, 0,5 g d’un 
solide 125—128°. Recristallisé dans l’éther de pétrole, 129-131°. non abaisse 
en mélange avec le produit initial. Hydrolyse par la soude I N a 60-80 en le diacide 
/ 180—182° déc. (2) 0.5 g d’acide X, R H sont traiteés de la méme facon. On 
obtient un solide | 124-8 Recristallisé dans l’éther de petrole, / 129, 5-131 


N’abaisse pas le int de fusion d’un échantillon de \ lysé par la soude | N 


a 60-80 en le 
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A SYNTHESIS OF 6:8-DIHYDROXYFLAVONE 


Gowan. S. P. MAcGIOLLA RioGu, G. J. MACMAHON, 
S O'CLERIGH. E. M. PHILBIN and T. S. WHEELER 


rsity College, Dublin 


Abstract Work on utes to ynthesis o yfla of v roved successful, 


is GOs 


6:8-DIHYDROXYFLAVONE whic inti Wi unknown of the 
possible dihvdroxvflav: ne unsu titul 1 ne 2 nyi group has proved 


expectedly difficult to sy ed a number of routes and have now 


obtained 6:8-dimethoxyflavone in yield a Mentzer reaction~ involving 


| condensat with ethyl benzoylacetate 


the 
before the above work was 


Simpson* thesised 
complet and ul ly agreed to simulta! blication of preliminary notes : 


Demethyvlation of the dimethoxyflavone required prolonged treatment with hydriodic 
acid. Thermal condensation resorcinol with ethyl 3-oxo-2-phenylpropionate gave 


-hydroxy-3-pl enylcoumarin and not 7-| yvdrox\ flavone 


&-Amino-6-methoxyfii ne was also synthesised but it was not found possible to 


replace the amino by the yl group. 6-Methoxyflavone was readily produced by 


treatment of 6-methoxy-)-/ tolylsulphonylk xvflavone with hydrogen in pi 


Raney nickel,’ the method failed with 6:8-dimethoxy-5-p-tolylsulphonyloxy- 

flavone. Other unsuccessful approaches are mentioned tn the experime ital section 
adr and Va 

6-formyl-5-hydroxy- ‘thoxvflavone. We obtained mainly di-(5-hydroxy-8-methoxy- 

flavon-6-yl)methan ym this reaction, and found it preferable to hydroxylate (Elbs 


persulph ite method) 5-hydroxy-6-met! the 8-position 


EXPERIMENTA 
Crvstallisation was from ethanol unless otherwise stated 
6°8- Dihvdroxyfiarone 
2:4-Dimethoxyphenol® (10 g) was heated under an air condenser at 270° for 8 hi 
\ 


1S . current of nitrogen was used to remove ethanol 


with ethyl benzoyiacetate” (15 2) 


and water as formed The residue was extracted with ether! and the ethereal solution 
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was washed with dilute alkali (solution A—see below) and with water. Removal of 
the solvent gave an oil which was chromatographed on alumina. The chromatogram 
was developed with light petroleum (b.p. 40-60"). Five bands were observed in 
ultra-violet light. The first four were eluted with light petroleum and the fifth, which 
proved to be 6:8-dimethoxyflavone, with benzene-petroleum ether (30 : 70). This 
compound separated from ligroin in needles (0-5 g), m.p. 148-149° and 152-153 
(dimorphic) (Found: C, 72:6; H, 5:0; OMe, 22:4. C,,H,,O, requires C, 72-3; 
H, 5-0; 20Me, 22:0 per cent). Dr. T. H. Simpson (personal communication) states 
that the m.p. was not depressed by addition of 6:8-dimethoxyflavone synthesised by 
him from the corresponding chalkone.* 

Demethylation by hydriodic acid—acetic anhydride under reflux for 4hr gave 
6:8-dihydroxyflavone, which crystallised from aqueous ethanol in yellow needles, 
m.p. 274 (decomp.) (Found: C, 71:2; H, 41. C,;H yO, requires C, 70-9; H, 4-0 
per cent). 6:8-Diacetoxyflavone formed needles, m.p. 196-197" (Found: C, 67-0; 
H, 4:2. C,,H,,O, requires C, 67-4; H, 4-2 per cent). Each of the three flavones in 
sulphuric acid solution exhibited a yellow fluorescence in ultra-violet light 

Acidification of the alkaline solution A (above) gave 3-benzoyl-3:4-dihydro-2:4- 
di-oxo-6-phenyl-2H-pyran, m.p. and mixed m.p. with an authentic sample prepared by 
refluxing ethyl benzoylacetate,!" 170-172 

Wavelengths for maximum light absorption in ethanolic solution (Amax in my) are 
shown below for some 6- and &-substituted flavone 6-hydroxyflavone (271,303): 
8-hydroxyflavone (267); 6:8-dihydroxyflavone ; 6-methoxyflavone (267,302): 
8-methoxyflavone (265); 6:8-dimethoxyflavone (275); 6-acetoxyflavone (255,296); 


&-acetoxvflavone (254.295): 6:8-diacetoxyflavone (257.297) 


7-Hydroxy-3-phe nyvicoumarin 
Resorcinol (15g) was heated with ethyl 3-oxo-2-phenylpropionate (15 g 
nitrogen at 270-280 until evolution of water and ethanol ceased (15 min) 


product was refluxed with acetone (1 and potassium 


carbonate (200 g) for 6 hr, solids were removed, and the filtrate diluted with wate 
(21). The ethereal solution of the resulting precipitate w: vashed with alkali. The 
residue after removal of the solvent was chromatographe lumina. The fourth 
band which was visible in ultra-violet light. was « by light petroleum and yielded 
7-methoxy-3-phenylcoumarin, which crystallised in prisms (0-7 g), m.p. 124° (Found: 
C, 76°5; H, 4-7; OMe, 12-2. Calc. for C,,H,.0O,: C, 76-2; H, 48; OMe, 12 


cent). Demethylation by hydriodic acid in acetic anhydride gave 
phenylcoumarin which separated from aqueous ethanol in prisms, m.p. 207 aker? 
5 


gives m.p 124° for the methoxycoumarin and m p. 207-208" for the | ydroxycoumarin 


Numerous unsuccessful attempts'' were made to apply Ruhemann’s flavone 


synthesis to the preparation of 6:8-dihydroxyflavone [his synthesis involves 


cyclisation of 3-aryloxycinnamoy! halides prepared from the adducts of phenols to 


3-arylpropiolic esters. 


Methyl 2-hydroxy-3:5-dimethoxybenzoat 


> 


A mixture of 2:3:5-trimethoxybenzoic acid,’ acetic anhydride, and hydriodic acid 
1° A. Baever and W. H. Perkin Chemie. 17, 
1 B. R. O'Farrell M.Sc. Thesis, National U: 
2S Ruhemann Chemie. 46, 2188 (1913): 54, 
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sulphite 


for 12 hr, and the product was added to aqueous sodium hydrogen 
Che precipitated 2-hydroxy-3:5-dimeth 

p. 183° (Found: (¢ 
20Me, 31 


xyDenzoic acid separated from water 
H OMe, 31-5. C,H,,0, requires C, 


which ue colour with ethanolic ferric 
eier) crystallised from water 


3 per cent), 


in needles. m 
es ( S6-6 H 
ferric colour The positive 


gemetnyia 


chlor ide he methyl ester (t iscner-S 
92° (Found: C, 564; H, OMe, 43-3. C,.H,.O 
3OMe, 43-8 per cent), which exhibited a green ethanolic 
ethanolic terric reactions o the acid al a Ster con! d 
tion had occurred to e carbo ‘rroup. N seful result was obtained in 
attempts to prepare be Imethane (the hvdroxy- 
\ xture of acetic acid (120 ml). and 1 
C,H,O.N req H, 4:3; N, 66 px ). This ketone was oriented b 
ormed red needle d: C, §3 H. 4:5: N. 161: OMe 
rec 53-3: H, 4-5: N. 1S »OM nt) 
lisec plat ( H,49; N, 5-9: OMe, 28 
rec 53-3: H, 49: N OM 
A < 
pla p. 105-106" i: H, 42; N, 46; OMe, 9-8. C,.H,.O.N 
Ci 
( H 4-3 4+ OM d ier) | 
‘ 
4 > 
scp dil ag: ©. 64 H, 40) 
‘ 
OMe. 9 H,,O.N C64 H. 3 N 4 OMe. 10-4 ner cent) 
‘ ‘ 
flavone which crvyst ed dik p. 204-205" (Found: ¢ HS 
J 
Le 


A synthesis of 6:8-dihydroxyflavone 119 


N, 5:2; OMe, 12:3. C,gH,,0,N requires C, 71-9; H, 49; N, 5-2; OMe, 11-6 per 
cent). 8-Acetamido-6-methoxyfilavone separated from methanol in needles, m.p. 
254-256 (Found: C, 70-0; H, 5:1; N, 45; OMe, 10-2. C,,H,;0O,N requires C, 
69-9; H, 49; N, 45; OMe, 10-0 per cent). The aminoflavone when refluxed with 


picryl chloride in ethanol for 15 min gave 6-methoxy-8-picrylaminoflavone which 


formed orange needles, m.p. 236-238" (Found: C, 55-2; H, 3-1; N, 11-6: OMe, 6°8. 
C,.H,,O,N, requires C, 55-2; H, 3-0; N, 11-7; OMe, 6-5 per cent) 

Many unsuccessful attempts were made lazotisation and subsequent hydrolysis 
to convert 8-amino-6-methoxyflavone i -hi y-6-methoxyflavone 
experiments involve at direct replacement of the no group by hydroxyl by 

with acid." ‘ndeavour \ als ade ‘onvert &-acetamido-6- 
* 6-Methoxy- 
No success 
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systems has been laid by Heisenberg’ who, in introducing the conception of wave- 


mechanical resonance, not only explained the fact that the simplest polyelectronic 


entity, the helium atom, forms two independent systems of energy levels, but also 
gave a wave-mechanical interpretation of electronic perturbati n 1 excited 


state. Moreover, this concept offered the explanation for the ‘nt paradox 


that in polyelectronic systems many electrons appear to participate in the transition, 
although (generally) only one electron can be excited 


As a result the interaction (due to electronic repulsions) of 


electrons a and /, one of wi 


respondl 


excited states cor! 


I and Il re tivel) ie singlet, identi 


ng to the symmetrical and antisymmetrica i unctions 


identified witl 
is more stable 


corresponding tO wld). Wol ia) respectivel 


to systematise qualit 

of atomic orbitals 1¢ complexity polyato m ules and mathematical 
limitations necessit: the introductio1 numer« implifyins nceptions 
(e.g. (i) the distinction 

(i) the concept of n 

structures of molecules 

molecular orbitals by 


(iv) the considerat 


ion 
widely accepted as rep! 
author’s contention 
to offer a basis for a detailes 
to the electronic spectra of the 

In conti the present analysis 
covalent linkages, no reduction t 
interpretation of the electronic transi 
bands and of 1 
cations (constitutive 
being in the first instance only 
matical limitations, does not re 
based on and governed by classif 
basis < consistent consideration ol 


states » to Heisenberg resonance <« TS a alitative, 


standing of the electronic spectra of organic molecules, 


as being ocalised bonds o1 


In view of the increasing complexity ol the systems to be discussed 
wave-mechanical formulation wi » made ich problem should be left to 


SW. Heisenberg Z. Pi 38, 411 » 99 (1927) 


its two valency 
tom can exist in two types of 
I, is less stable, the triplet state, 
iden by spin requirements, By 
Vol. excited states of the system | 
1958 | 
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1 oe he theoretical developments of the past 25 years have been governed by the 
1¢ theoretical developments of the past years Nave Deen governec y the aim 
niy). Unfortunately, these concepts became 
physical picture molecular States It is the 
fying re un tah] nabhle 
Vil assumpuons are unsultadie oO unadic 
the experimental observations related 
ymplicated organic molecules 
ill be based on the bond orbitals present in 
ymic oroitais being atten pted It ims at an 
yns responsible for the R-, K- and Benzenoid- 
ion energies resulting tro ( al 
ements Of alent linka | S analvsis. 
tative one and, thus. independent of mathe- 
y structural simplifications and will be strictly 
yerimental data. It will be shown that, on this ; 
the electronic perturdatio! n the excited 
but very detailed under- 
nm” if the latter are accepted 
ise of 
more 
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competent theoretical physicists However, it will be convenient to express an excited 


electron (orbital) by an arrow such as —>—*, at the same time indicating its symmetry 


type, i.e. the direction of the electron (charge) migrationt (on one side of the nodal 


plane formed). Thus. the excited P! and P® states of the helium atom, in which the 
excited orbital has a nodal plane through the nucleus, may be expressed by Ill and IV 
respectively. Moreover the representation of a normal excited state by a symbol, 
in which each unperturbed state 1s expressed by a separate formula, would, obviously, 


become much too involved in more complicated polyelectronic systems. It may, 


therefore. be suggested that they be replaced by one simplifying formula only, in 


(indicating the exc ited electron 


and [Va respectively. Such 


give a qualitative picture of the 


H 
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Nostrand, 
Oxtord (1946): 
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- hed stat xpressed by an arrow 
which each unperturbed state is expressed Dy an ar! 
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o> time-averaged electron 1 rations in the excited electronic system Vi 
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State V (Va) corresponds to the absorption system at shorter wavelengths and, 
since the bond axis lies in the nodal plane of the excited orbital, i.e. the charge migrates 
from both nuclei as in excited atoms, it is generally referred to as a Rydberg transition. 
We are, particularly, interested in state VI (Vla), which has a nodal plane perpendi- 
cular to the bond axis corresponding to an electron migration along this axis (N—V 
transition in Mulliken’s terminology'’), since this same type of transition is charac- 
teristic of the R-, B-, and K-bands of the more complicated organic molecules. Using 
valence bond terminology, this state has been qualitatively described as an ionic 
state H*H~<» 

rhe spectra of ethylene and its homologues possess three band systems, at ~1650 

at ~1750A (shoulder of moderate intensity) and above 2000 A 
} 


iomologues and of very low intensity ( The two 
nised to be the same type as the two 

on an analysis 

hat the band 

migration along 


of higher 


dil U expressed 
Liency 


1dely 


States X—XIl tab] ange 
(X. XI) and/or a negligible transition mo ne these should be identified with 


the absorption band of very low intensit he problem of ethylene reappears in all 


double bonds such a : , and NO:O which bonds, in addition 
R.S.M 


P. 


23, 65 1044 


4. Burawoy 


a 
: 
: 
bands of higher inten 
Vol. bands of higher int 
2 band systems of the | 
1958 of the effect of subst . 
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on intensity at 1650A to the Rydberg transition (perpendicular to the bond-axis).2° 
by Lewis and Calvi nd by Lennard-J« and Pople) ed on 
a of the two electron | of a double bond, separates, in principle, from the wiaiuis 
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7 electron prob e he the droge! olecule the two 
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State IX corresponds to an ; ed tt ition (of the V—¥ type) and, since it , 
involves a! ition ¢ i electrons t ( es e card cleus, Should De the ; 
least stable state (cf. below) responsible for the band system at 1750A (K-band). 
M. Wall W 4, H icklen 

‘ I. Chem. P 4. 76 6. 55 (1938) 193 Chen B 25, 57 (1934) 
Lithy Z. P 4 107, 285 (1923): C. P. S va C. B. A Tra Fa lay Soc. 3, 
: 93 (1934): G. Scheibe and H. Grieneise Z. Fi ( n. B 25, 52 (1934 W. J. Potts, J. Chem. Phys. 
Faraday Soc. 9, 78 (1950) 


{or 
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responsible 


R-bands 


3 
126 A. Burawoy 
to bands ol higher intensity appro at LUN \ are | 
n cons dered sp gqtoatl ( ine ame type since, aS far as 
a characteristic optical rulest (effect of substituents, of solvents and of proton ay 
iT ne’ ti Ca) \ s of the 
ave 
nt yond e 
both by spin requirements and 
0 
log | d dd 
| 
| 
A 
x 
Ol ERMINAL GROUT! ABSORBING SYSTEMS 
‘ 
\ 
: 
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(b) An increase of the polarisability of the terminal group itself. 


XIV A—(CH=CH) B 


a 


rhis is illustrated by a few simple examples in Tables | and 2. 


The K-bands of the 
p-nitrotoluene derivatives (XV), in which the effective electron migration of the 


transition 1s towards the nitro group, are displaced to shorter wavelengths, whereas 
those of the p-toluidine or 4-methoxy-4'-methyl diphenyl derivatives (XVI, XVII), 
in which the effective electron migration is towards the CH,X group, are displaced to 
longer wavelengths as the electron attracting power (inductive effect) of the substituent 


X increases (H < NH, < OH < Cl< CN < NH NO.) 


tronic polarisability 1e substituent CH, 


However, the elec- 
ynal contribution 
th po become the dominating 
series, 
substituents 
red-shifts due 


r and greater 


127 
~ 
which, in the case of substituents of | 
Vol. factor Thus, in both the p-nitrotolue 
2 the A-bands are displaced t 
195 
CH.Br CH.,I. It is notew 
to the CH.Br and CH.,] groups (-+-172;: 51> A) are of the same orde 
a respectively than that due to a CH=-CH, group (-+-272 A) 
O.N—C,H CH.X H.N—C.H CH.X MeO—C,H,—C,.H CH.X 
XVII 
i (oN \ \ \ () H 4 
\ 
su | B | XVIII) 
(XX the ire ‘ tte eries the 
: n ify e Ha | e ninat 1acto and 
Bs towards the en atom than int pposite direct 
Again ine contrid tion of the polarit factor S (1) by tne fact that 
‘ the displacements of the A-bands on introduction of the halogen atoms are greater 


128 BuRAWOY 
in the p-nitrohalogenobenzenes (hexane $6, 139, 184, 352 A) than in the halogeno- 
benzenes 13 4 80 A), since elec tract tro group Is respon 
sible in the d te | electro! i t C-H $1 ds the carbon 
ato i cpiac ) polar ctinanol the 
ed-shults due t ‘ ilk sict. lable are reduced two former and 
> 


x 
Vi 
of the CH,X groups ol 
tion of w ele of disy | 
cal EXD ed | r ( 
, 
te d wit ( H | 
7 a att H ‘ preta 
of a deere 
to the 
> 
3 
rag 
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The normal excited state corresponding to a A-band can be represented as a 


ng cited 1. The contribution 
of each of the (2 ‘rturbed states (ag: 


formula XXI) to the “hybrid” ll be pr 


involving neighbouring excited electri 


excited orbita ach unpel! 


e 18 divided by an (additional) nodal 
two mn. In an 
e. the pro- 
treater. In 


bond 


The present 
| description 
are known 
n terms of 


nysical 


depend 


on the 


for the 

Accordin 
of the unperturbed 
with those invol 
importance. Moreover 
2° J. N. Murrell and H. ¢ 


= 
a 
proportional to their stability. States 
will interact 
The 
sian 
a plane int 
unsymmet 
bability of 
Bore, valence HE terminology, this would be equivalent to the statement that in the 
gl excited state of a molecule AB described as a hybrid A*B~<» A~B* the stability 
and contribution to the hybrid of A*B™ ts different from that of A~B j 
Vol. qualitative analysis is independent of the valence bond or molecular orbit 
2 of localised bonds and of unperturbed excited states. These descriptio 
to represent only different 1 el thods « ipp! on 
> atomic orbitals), i.e. their distinction has « a mathematical and no real (yy 
signinicance 
ee T] legree of int \\ crease, the ver and the energetica nearer each } 
part-orvita Wil tne en rauiol i the tral ete) the 
direct whi dicated by tl important. Thus, if A and Bin 
XXI are identi wen ton the unperturbed energy levels 
SS involving the excited elec s of 1 etrical bonds A—C and ( B will : 
be equa However, ol n (det the degree of stabilisation 
Ol ine normal re ‘ aepc 1S Lhe ditterent extension 
(Stadilityv) OF the excited tal in the » directions ol ese Dond e. on both sides 
of the d ait I a | ne i 
size of the min or o1 ei e qualitative 
(XXII, A or B) efi negiected 
The fact det I f the nor excited state are (1) the most : 
stable (the } perturpded excited ad }the d its int clio! 
stabilit ot the \ pe | gained D cl states 
: the effect of whi ted d af the ile absorbing 
States (correspond to the A ds) of by M ind Longuet- 
; systems of the pheny! ps, their interactions would account semig titatively 
d a ( neni } 
vie na system suc is ( ( tne direct interacuion 
ergy levels \ the excited electrons of one double bond 
Me ted elect the other 1s considered to be of secondary 
er. the transmitted effect in a system such as ¢ ( ( ( in 
Lor set-Higeit J, Chem. S 2552 (1955 
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smaller because the interaction of the trans- 
le ¢ C bonds, and 


in agreement with experience, 1s 


ting states, which involve excited electrons of the sin 


‘rturbed state. is only small.” 


hybrid of the unperturbed 


double bond will be of the same 


the electron 
ol the 


sauion 


< ibstitut on 
>] A) ind smaller 
This is ontri to the 


fects of these atoms or groups in 


of these factors is relevant. 


WW hic are of tow ce my “arcu IC 
roo It should be noted, however, that the contribution to the (I er 
states mvolving the excited ciectrons oF cacn 
n ne d ‘ | act cs Sla 
ted state ¢ It ine the additional stabil: 
ric m ft e part esp a to the compiementary 
elec f the ult it ha be taken into 
Npor nis tt be given Ve 
ction of the 
—— 
tur } 4 
Litt 
PRFEFECT SIDE-CHAI? ENI ON K-BANDS 
‘ | b 
| Yar Imost ‘ 
= ‘ 
\ d ony! derivatives 
ae” )A: d | ketone OA), by a 
iT if \ aipne Ipne ivi 
| pl ket 65 A). Replacement ul hydroxyl group or a charged 
OXN mions) cause ppreciabdie Diuc 
{her ‘ \ ber rOvIC \ De! at 
displace ents a atic (side-Cna } tuents 
ue always bathochromic and generally much greater cf] 
4 : 
— 


electronic spect! 


iongel 


phenyl 
(XXII 


into 


ee ee terminal positions of an absorbing (conjugated) systen Thus, the 
K-band thiobenzophenone (XXII, A \ H) 1s displaced ve ly to 
i the para p d p (XXII, A \ ery small 
nd e ODT le d nective é 
\ 
Vol. 
i4 
NH } (vi 
oO 
Nal 
Me .C(X M 64 
4 ii) 
{ “ 
‘ 
(4-.)Ph C.H,.CUX):S he 147 60 
enze C.H,.P SR 611 
1.)HO.C.H,.C(X):S p 240 
| M 
en | | coos 
(4-)Me.N.C,H,.C(X):S enc P 140 23.4 83 
C.H,.NM 13% 10 OOK $75 100 
K.B E. A.B E.R. H 
L. De iJ. M. 69, (194 
H. | B.A B17 Sc Cj 58, 25) 
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substit 


tuent 


(XXI1 


XXII, X) 


e migrauion 
migration in tne branch (¢ X towards the carbon 
e electronic transition (XXIV), whereas in the alternative 
lic transitions could be expected (XXV and XXVI). They 


would be responsible for two K-bands which. in favourable conditions, i.e. if suffici- 


n 
( 


ently separated, would be capable of observation. The latter is in agreement with 


mp used 


Car 
F 
xx 
The effect of these is due to the same two fact ‘ 
responsible for the effect ol terminal ups, 1.c. (1) a Change Of polarisa d 
ee in the ground state, and (11) the Gegree of the eiecl c polarisability of the substituent, 
7 te but both factors are now of much greater ¢ pic 
Fo ae Thus, in the most « n system of the gene pe XXIII, an electron repelling Ve 
oup such as (X Vic) CAUSE 
( 
Me, HO, NH,, O DE ac 
tion of ¢ ther complex 
nial 
ot 1} ¢} 7 ns \ | ) t (as sown in 
‘ ) firt i b nalvsis of the effect 
KX erc ( clus \ ed an ana 
of s substituc it is already sts supported by the following 
absolute obdservauons 
In a syste! cn as 
(tow irds B) certain, 
1. atom would allow for o 
+ Subsequently, for convenience, the symbols will be further 
tat nvoly ot ec ) nair of eac ond 
to indicate the combined “unperturb« state electron pair ¢ 
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experience. (This does not exclude a possible existence of K-bands corresponding to an 
excited state XXIV, to be expected at considerably shorter wavelengths.) 


A 


x x x 
XXIV XXV XXVI 
The author, in discussing the competition between the various absorbing systems 


vectra of di-substituted pp -triphenyl- 


: of an organic molecule, has shown that the spectra 
J methyl ions possess two K-bands. They could be assigned to the two absorbing 
conjugated systems present and, in the light of the present discussion, correspond 
to the excited states XXVII and XXVIII (A NMe.. OMe, SMe, Ph: A H). 
Vol. In contrast, all py trisubstituted derivatives (A A). in which both excited states 
2 become ec ilen re responsible for the appearance of only one band of increased 
1958 intensit' Ihe different « eclio Of the electt C ectors of the transitions corre- 


ling to the two A f Malachite Green (XXVII and XXVIII, A=NMe,; 


ment with our interpretation 


| pies « ( (cf. | e 3) were chosen to 
R € \ bstituted derivatives show 
» ) a tes XXIX and XXX (A Ph 
OH. NMe \ H) ( ( es (A \) are responsible 
band ) cited states 1 b ent 
y A 
"4 6H4 
' 
x 
K-BANDS OF ETHYLENI AND BENZENI 
The | ecedin il SIS vs that the excited state respol sible for the K-band 
of ethylene or any other absorbing system can be represet ted by XXXI (e, “‘effective”’ 
and c, “complementary ) It is noteworthy that although ethylene (A B H: 


1) is svmmetrical in the ground state, according to this view this is no longer 


true for the (four possible equivalent) excited 


states. Similarly, the (six possible 


equivalent) excited states responsible for the K-band of benzene (A B H) at 
approximately 2030 A are represented by XXXII (e and c), again indicating some 


‘A. Burawoy Ber. Dtsch. Chem. G 64, 473, 1635 (1931) 


G Lewis and J. Biegeleisen J. Amer. Chem. Soc. 65, 2102 (1943) 


5 
4 
- 
\ H) observed by Lewis and Biegeleise 1S 
: 
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e effective electron migration tn the two branches 


distortion of the electron 
benzene (starred) carbon atom is unavoidable 
tio! account for is vet 
ars at appreciably shorter 


(Q270 A). cyclo | :3-dien¢ 


pee 
Hal the “Ul ‘ -- 
wavelc ths nan hat of | 
(2560 A) and similar compounds 
‘ 
“ 
1 
: 
nitrosob d XXXII A Ph, N:N.Ph, CH:O, N:O, NO 
(B NH... OH, SH lab fo \ 
chlorine d the A-band of benzaidehyac 
ot 
mat 4 \ d if) \ dj ‘ of 
He ‘ ‘ 445 A \ Aciied ic 
ind by XXXII 1 XXXIV nu 


TABLE 


Me 

( x 
OMe 


4 


MAXIMA OF K- AND B-BANDS OF SUBSTANCES; X.C,H,.CH:O 
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IN ETHANOI 


K-band 


2,445 
13.000 
> 429 > 
11.000 2 
> 44? 
17.500 10 
500 
610 
f 
AH? 
( 


UUU 


800 


B-band 


100 


6,400 


an 


: 
j ? 805 
1.250 
p p- m- 
550 5 2.8007 2.894 2.925 
12.500 1.350 1,700 
2,544 ) | 2,920 2,980 
Vol. 16.000 1 3Oo 1.600 
765 3,087 3.210 
15.500 3.000 4550 : 
: 3,323 1) 3 3,598 3,790 
: — 0 2 
i) ) 
} 
trans ) oa irs Howe\ its ae nicatior as a 
eflect I stil G epted D CApel ent tS 2,4 
(Fort nment of 1 O00 t Rydber tion, compare 
cyl LT ITATIVI DUI RESONANCI 
| if of ntit tical 
pon ( ind 
Cid | 1) | | WSs 
ted dicat d ted states ol stem 
ma | or tne | ( | tive 
e en ‘ tne esulting 
stabil wr dest s normal excited state 
6 + 
44 
pe iA. D.W P A \ 191, 22 4 


: 
‘ip i 
Ir ihe exc ted state of the drogen Vi ne a ows cgicate a : 
4 of the eflective nuclear d ind 
ra 
as a 1 1X d d 
\ 
d 
Dluc 
b) R d t effec 
, 
es te (a) The two ele m pairs of a ad ) nd can be compared w the two 
“a 


XXAVIT 


branches of a sub ied adsort icd ySte! responsible for A-bands 
: 
a 
‘ 
4 
, 
Cn 
‘ 
\ j 
‘ 
‘4 
la 
A-ban whi 
7 spec ‘ ( ) envde 
respect di hst e nic 
n 
be n7ene. ¢ Cicerence } 
The Slate OF GQISUDSI tuted be 7ene ae vVatives corresponding to a B-band 
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thus. be described by XXXVIII. That of mono-substituted benzene derivatives 


sheno a ne(B OH, NH,; A H) should be similar, but the possibility 


has phen 

slichtlvy modified excited state XX XIX for benzene itself and derivatives such as 

obenzene or be dehyde(A H, NO,.CH:O; B H) cannot be experimentally 
jo0ead and ageed iv De n AC The generally lower intensity ol the 
ds compared with t t of the A-bands ( ~ SO00-—200000) 
C nied for by the smaller transitior ents due to the charge migration 


In U vell-known simplifving, but in the author’s view unjustified, appli- 


Lo the 


relative 


abilisation) energy, 


the unknown magnitude of the resonance integrals not being considered. It should, 


it interpretation ol excited States, the 


therefore, be emphasised n the prese 


2 138 
can 
Suc 
eX 
B 
around the benzene ring 
3 3 V 
exp ence e detailed f the plex effec tuents 
cannot be 
CONCLUSION 
Hes, | conance cle tic tor the xcited State ota poly- 
plicated fluc ed” distribution) 
ren finite p phenomenon 
» ates \ tical method of approach 
excited states nol 
\ tv excited ile cannot and does not 
hy n hin 1 | il COl yond ound late This also 
d Del ; round and nol if excited States only the energy ol the 
ae forn vs b 1 ; o (for a related discussion of this matter, cl 
Sm] 
cation of the conceptuion of resonance amon several Valence-DONG 
(non-mathe ) interpretation of the constitutive changes in moilecula Structures, 
Le a the contribution to the resonance hyodrid ol ‘ arious. often arbitrarily chosen, 
idealised inperturbed ) States has Deen ass edto be a function of thei 
i a * This follows already from tl fact that the positions of the individual adsorption Dands ot any 
partic 
ie 42.W.T. Simpson J. Amer. Chem. Soc. 77, 6164 (1955) 
ny 
} 
| 
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degree of interaction generally does not coincide with the contribution of the 
unperturbed excited states to the hybrid; that it may cause destabilisation as well as 
stabilisation. and that there 1s no freedom of choice once the electron migration 


of the transition 1s experimentally established 
The theoretical analysis outlined in this paper shows that the empirical conclusions 
derived from systematic experimental investigations of electronic spectra, when based 


on molecular structures built up of localised bonds only, can be consistently accounted 


for with the help of well-established wave hanical principles. It offers a qualitative, 
but very detailed understanding of electronic spectra of complicated polyatomic 


organic molecules’** not attainable by mathematical treatments aiming at quantitative 


evaluations ol spectroscopic data 


The interpretation Ol electronic tul an €X led § [ a wWave- 


mechanical resonance phenomenon owed It I ust ition to the ability 


to account qualitatively for the pre 
He atom forms two systems of energ 
spectra in gen al. rath han toits 
fundamer! 

electror 

detailed 

possibly 

stand 

of spec 

known 


further 


photome Cl 
Photoelectric Spx 
extens 


by D1 


x 
a 
Vol. 
? usly unexplained experimental fact that the 
1958 levels and for perturbat s observed In atomic 
intitative aspect. This 1s also true for Mulliken’s 
es and electronic spectra of simple n olecules _ 
; I tne comp icated probdiems re ated to the 
pr iyatol! moiecular structures, e.g more 
ms or mathematical analyses olf principies 
ild make a greater contribution to the under- f 
my at speculative mathematical evaluations 
a ive analys which has taken into account all 7 
= experimental test and may serve as a guide fo! 
systematic investigations, should 1 useful basis 
If not ot! erwise Stated the spects ( Cal CU) ds tity aete 
minations obtained 1 Hilger E3 quartz spectro ph f Spekker 
se of the thiobenzophenone dé tives with a Hilg pek 
it ed out by Dr. P. Brock | d ely en 
Ma. A. R. Thompson in the preparation of $ paper are grate ck edged 
ot J 
nar kK 

j 

is 
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UNTERSUCHUNGEN UBER FURAN-VERBINDUNGEN—V 


()BER DIE HERSTELLUNG UND KONFIGURATION VON 
EINIGEN FURYL-KETOXIMEN* 


G. Ocskay und L. VARGHA 
Forse fiir die p eutische | strie, B pest 


Zusammenfassung | en inti-Furyl-h he stellt, wel jurcl 
e Acetate, Be Die on de 


Kcton 


ist ind teratur nul 

ve (111. IV. V) im Laute 
unserer Versuche als Gemusc WIESE t sich u rens beim Durchsehen det 
Literatur feststellen, d Ketoxim-lsomere! e verhiltnismissig in kleiner Zahl 
1 einer Modifikation bekannt 


mpunkte der au rezihliten 


DDR am 22. Oktober 1955 


4 7 
= 
Vi 
ZuR Fortsetzung unserer Studien Uber die U1 on Fu KCLOXIMeN 
war die Herstel nad Ke | esl ager ael LP ti-Furyl- 
Furvl-2-phenvl-(1V), Benzof ethyl-(V), Be furyl-2-phenyl- 
ket xin (V1) 
Cc CH ha CH 
NOH NOH NOH 
O 
NOH 
ist Tabelle | zeigt die in det iteratur angegedene Sschmel 
i 
IR P. Bite J. Amer. Chem. Soc. 70, 371 (194 
Vargha und F. Génczy J. Amer. Ch 2, 38 0) 
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TABELLE | 
Acetat Benzoat P-Toluol- 
iteratur 
Schmp Schmp sulfonat Schmp 
)7~98 80 5,6 
68 4,7 


100-102 2, 10 


ihrer Acetate, Benzoate und p-Toluolsulfonate 


*n Oxime-mit Ausnahme von (IV) und (VI)- 


Die Oxime (1V) und (VI) diirfen auf Grund ihrer 


Benzofuran-carbonsaure) als syn-Furyl- 
Oximert not es Kel uivemein anwenaodar©res 

KO le die aufgezahlten Oximpaare durch 


¢ deten sich manche Ketoxime in 

! st lenen Oximer hd “ine 

rid it ess sich Gas eine 
ibtrenne 

hes trennte man die isomeren Acetate 

rhielt das einheitliche Oxim mit vorsichtiger 


Cl | it Cl vemiscne AOT I te l aul 
erae 
Fy toxime. welche auch durch ihre 
ACLOXIMe, Welcne aucn duren inre 
erisiert wurden, ist 1m Versuchsteil ausfitihr- 


rauchten Ketone wurden in allgemeinem nach 


Herstellung des Furyl-2-ithyl-ketons und des 


abweichend. und zwar in Analogie zum 


Ser. Dtsch. Chem. Ges. 57, 79 (19 


+). 


ie 

Ketoxim Schmp 

I 
Fur |-2 nethyl-ketoxim(1) 104 
& Furvl-2-athyl-ketoxim(I1) 77 
§-Methyl-furyl-2-methy| 
ketox 18-79 112 4 
Furyl-2-phenyl-ketoxim(IV) 132-133 68 118 4, 8,9 
Benzol netnyvi 
Keto V) 154-155 
Benzot -nheny 
ny V1) 13? 118 4 
Vol. ke | 2 | 111,12 
1958 
Ketoxime, bzw. die Schmelzpunk(t 
(Tosylate), soweit bekannt waren 

Uber die Konfiguration der erwihn 

liegen keine Anhaltspunkte vor. 

Beckmann’schen Umlagerung nach \ 1G 

. (Bildung von Aniliden der Furan-, b 

Ketoxime angesehen werdel! 

: Zur Herstellung von einheitlichen 

Verfahren. Im Laufe unserer Versuch 
4 
3 : Anwendung der folgenden 4 Methoden | m Zustand et! n werden. 
(1) Unter gewissen Versuchsbedingt 
_ (2) Aus einige n Form von Gemisc 
< 
lsomere durch fraktionierte Krystallisati 
4 (3) Nach Acetylierung des Oximge 
durch f ktionierte Krystallisation und e1 
at Hydrolyse seines Acetates 
; (4) Manche reine Ketoxime liessen sich durch Behandeln mit Salzsaure in Ather 
guantit ins andere Isomere tberfiih 
: diese Weise stets in einheitliche Form s 
Die Darstellungsweise der einzeln 

ily { Acetate, Benzoate und Tosylate charak 

lic OX ricbdel 

Die Bereitung der Oxime 

ee Liter: ngaben hergestellt, nur dic Ei 

>». Ber. D C/ ( 33, 492. 1176 (190 
A. . J. Amer. Chem. § 44. 1 (1910) 
B. L. I LEB J. R. Stevens J. Amer. Chem. Soc. 71, 704 (1949) 
q j B ( } 3, 23, 32 (1900) 
Mur irch. Pharm. Ber!. 252, 448 (1914) 
E. Vo B. 1) ( G 34, 775 (1901) 
‘FE. Rap G Chim. 25, 238 895 
12 R. Stoermer, C. W. Chydenius und E. Schinn 
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Furyl-2-methyl-keton™ aus Furan, bzw z-Methyl-furan mit Propionsiureanhydrid, 


bzw. Essigsiureanhydrid und Phosphorsaure 
Zur Konfigurationsbestimmung der Furviketoxime versuchten wir zunichst ¢ 


Beckmann’sche Umlagerung anzuwenden Diese Methode fuhrte 


bei einigen Furvl-aryl-ketoximen zum Zicle, jedoch versagte sic bei den 


lie 


wie scnon 
erwahnt 
Furvl-alkyl-ketoximen ganz aligemein Die letzteren bli 


fert. oder aber verharzten unter dem Einfluss von 


eben niimlich unter milderen 


Reaktionsbedingungen 
kriftiger wirkenden Mittel: Dieses unterschiedliche Verhalten des beiden Iyps lisst 


licht nd d iuf gréssere Wanderungsbereit- 


sich wohl auf die gréssere Elektronendichte und Gaher au ¢ 


ae, 
ae 
schaft der Aryl—gegeniiber den Alkyl-Gruppen zuruc ihren 
Die Umlagerung der einhettichet Ketoxime mit datherischer Salzsaure eferte 
schiiess ich entscheidende Anhaitspunkte tur Gic Kor uralior Brady gQGoldstein’ 
haben nimlich auf diese Weise das syn-Furfuroloxim (em an -Furyl-oxim) ins 
ea anti-Furfuroloxim (ein syn-Fu xim) un de 
te Die Konfiguration der beiden Furt oxime steht auf Grund von Eliminations 1 
reaktionen Die mwandiung iit fast ad uns is ac 
gengesetzten Richtung nicht durchfihren. D Furyl-on ta il scher 
ee Salzsiure wesentlich stabiler, als das anti-Furyl-on Es kann dahet met 
werden, dass die Richtung der | erul der vor ergestell Fury 
ketoxim-Rethe diesell ssen sicl die anti-! keton di 
syn-Furyl-ketoxime umlagern, aber nicht umgeke 
ag Im Laufe unserer diesbeziiglichen Versuc konnten wir tatsac 
dass von den Stereoisomerenpaarel er nur ad ands DCT 
fuhrbar wat Auf Grund dieser Expe ente Ké oO ergesteliten 
stehen mit dem Erg Bech en | n 1 (VI) 1 
Einklang, diesen mi d M n-Kon 
figuration zu. Die 7 zeigt die Konfigui ds kte d 
isomere Furylketox » Ink Acel B d | 
late. W end die Acet d B te ve 
dic be ers d ti-Oxim« 
Oxime (Ill IV) und (VI) keine S d 
anti-\l n- und anti-(Ill d ti-(1\ \ ie \ 
dul 
tischen spektroskopis« Vergleic Ketox Die Abb 
stellen die UV-Spektren det Furtu keton Athanol 
ge dar Im Falle der Furtt (ADD nl (ADD 
2-4) zeigt sich erwartu remiiss’” be: 2701 ein Maxin Die | 2 
phetr vi-ketoxime Wels May ul \ S) end Spoektret 
der Benzoturat Derivate (Abb. ¢ ) etwas Ki ertel Wie aus de AbD 
R. K A. Smal A.D B29, 378 | G. BB 0 
und R. Manzoni-A Z. Ph B25 )34 
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TABELLE 2 


Benzoat Tosylat 


Ketoxim Schmp 
Schmp Schmp 


kleinen, 
n-Furyl- 
1 als die 


iusser Zweifel ste 


Das ( enc iuerstofia nion (VII) ist bestrebt, sich von dem 


elektronenre! iranring ich ntfernt, in anti-Furyl-Position zu drehen 


Press (1953) 
193.(1949) 


a syn-Furyl-2-methy! 4 5 &4 88 
anti-Furyl-2-methy 104 96 97-98 80 
anti-Furyl-2-aethy 73 94 93 70-71 
syn-5-Methyl-furyl-2-methy 109 94 112 j 
anti-5-Methvl-furvl-2-met 23 74 
syn-Furyl-2-pheny! 149 68 9 118 
Vol. anti-Furyl-2-pheny! 16! 109-110 144 84 
1958 n-Benzofuryl-2-mett 161 10 140 
a By rf )-me 154 5 ) 135-136 100-102 
ersic ic t gibt ¢ de nti-lsomeren in der Wellenlinge einet 
in der Intensitaét einen grésseren Unterschied, und zwar absorbieren die 
Deri ic CLWa KU! Cl We und abe rossere Extinkt 
anti-Furyl-D te. Da die tion der Furfurol-oxime ht. 
wird ins chemisc ete Konfiguration der Furyl-ketoxime auch 
spektroskopis¢ Die 1 etische Deutung der Extinktionskurven 
wird von Her mer an anderer Stelle mitgeteilt 
’ Es wurde beobachtet, das ch be: Herstellung von Furylketoximen in alkalischem , 
Medium entwec¢ ausschliesslic od yverwiegend das anti-Furyl-derivat bildet. 
“ end 1 ren der neutrale Medium das Gemisch der beiden Isomeren 
entsteht (z.B. im |] d Fur ind Fur thyi-Ketoxims. Die Erschei- 
nu! | rl CTU yenn ( | 7W Sidewick 
: W Mec t nus fur die Bildung der Oxime in alkalischem Medium zu 
4 
NH_OH +4 > NH.O H.O 
ri. H.O 
R . NH > R > R > 
NHO NO 
R 
NOH 
*C. K. Ingold Mechar Or ( ry; $.687-688. Cornell I rsity 
bs * T. W. J. Taylo W. Baker Organic ¢ ry Nin Ed. Sidgwick) Oxford, $.169 
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on uns fiir dic Umlage ¢ yi-ketoximen benutzte Methode wurde 
iir Ketoxime nur vereinzelt ans nehmen an, dass bei aAhnlichen 
sondern 

Die 

resetzten 

in 


neutra- 


BESCHREIBI 


trockene Salz- 


siure. Das ausgefalle il; abfiltriert. mit r gew: en und in Vakuum 


** Ch. R Hauser us 


: 
Dic 3 
Verbu 
Richtu 
verdiinnter wissriger Schwefelsdure l6st und nach einiger Zeit die Lésung 
ao Form « nti-} ketoxi Offer ist das Oxim in neutralem 
re Der Mec Salzs m Sinne det 
folgenden I d elel Kriifte ged erdet 
Vol. 
10CR ‘ 
N HN HN 
x 
Der |} | vil I edu 
= der R () ) de 
Furvi-S 
j | R | ren ng 
7 e (VII xX 
H 1H 
Miki 
NC VERSUCHI 
Ant Fy j toxvim (anti 1) 7 | 100 Nat- 
riul xvd 110 ml Wass bt n lie | 86,9 (1,25 Hydroxyl- 
man bei 25-30 110 ¢ I yl-2-methyl-ket elches sich nach 3-stundige Rihren 
volkommen Nach on 200 « rcsal tier A no 1d Lésung 
wird das ausget ne Ox ibgesaugt t Wasser gewaschen und aus Athanol umkri- 
Stallisiert Ausbeute S50 Schmp. 104 
| Salzsaures Salz: In eine iitherische Lésung des Ketoxims leitet man a 
Ee) 2. S. Hoffenber J. Ore. Ch 20, 14 (1955 


W Issel efert das Salz das anti- 
(161,6). Ber. HCI, 22,57. Get 


ethyl- 
7saure 
die 
dic 


5 


da Z g «-Methyl-furan, 


nhorsiure analog dem Furyl-2- 


hergestellt. Siedepunkt 7 2 Ausbeute 38 


j 
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ectrocknet. Schmp. 55-90 Aul Finwirkung von 
HCI, 21,88) 
j j wien n-] e Lés von 10 @ anti-Furvil-2-1 
bis da ausgetaliene S Nach Stehe ber Nacht v 
esau W nh \ te sc N 
(C.H.O.N Kk ( H + at Cc ( 
D d S O Si p. 128-129 
C 6) Ber ) G " 
er ch \ \ 
a 
}? \ 1 | 
N \\ R dK die Lésung 
; | \ | \ CT 
| \ / te \ 
4100 wird bald krist Mar 
er O Die Mutterlat efert nacl 
te K C.H.O.N (139,15 Ber. C. 
H. 6.52 G ( H 6.6? \ 
met AC cure » I estelit Das Rohprodukt wird aus 
wiissrige Alh ni Ausbet Schmp. 77-78 Die Substanz 
te Eas erwie auf Grund des Mischschmp de f anderen Wege hergestellten Oxim | 
als identisch 
Methyl-furyl-2-meth ton. Die Substanz wi 
$10 Essigsiureanhydrid und 25 85°-iger Phos 
ithylikctons 
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anti-5- (anti-IIl). Lésung von 115 g 5-Methyl- 
furvl-2?-methvlketon in 650 ml Athanol wird mit der Lésung von 77,6 ¢g Hydroxylam- 


moniumchlorid und 95.4 ¢ wasserfreiem Natriumacetat in 240 ml Wasser gemischt. 
Nach 16 Stunden wurden 400-450 ml Alkohol in Vakuum abdestilliert und der Riick- 
stand mit 1000 ml Wasser verdiinnt. Beim Kiihlen mit Ets scheiden sich farblose 

400 ml Benzin erhalt man 70 g 


Kristalle (117 9] Nach Umkrista ere iu 
Oxim vom Schmp. liefert 
60 s Oxim vol np x3 Dic M iuvel Cl ilter la Cryer sc det 


‘n ison ren i¢ H.O.N (139.1) Ber ( 60.42 H f 5? N\ 10.06 Cet ( 60.61 


ki \ 8°, S 9° | Ber C, 60,42 
H. 6.52: N, 10,06. Gef. C, 60,46; H, 6.48: N, Ii 
Furyl-2 IV). EinG 16a] ) 
ton,” 4 H 
SSO n \ S j 1) RR 
filt 10 \ N S ler 
\ 


bin Mutt 


und eine 
Reaktior 20 M tel 
ml Wasset d 250 ttigter A rid su 


scheiden sich nac l-tigigem Stehen wiirfelige Kristalle aus Durch Absaugen 
gewinnt man 10,6 g anti-Ketoxim-acetat von Schmp. |4¢ Die mit der 2-fachen Me 

Fssigsaureanhydrid-Lésung wird mit festem Soda neutralisiert bis 


Eiswasser versetzte 


Pe: H. 6.70: N. 9.98) 
syn-5-Met! fu 2-met) ket 111). Das aus den Benzin-Mutter gen 
Ly von anti-(Il) d Find fen ge G rd ler D des 
cpn-(1) } rieben. mit it her S ndelt. Das R rodukt wird aus 
Vol. 
23.5 (23°). Schmp. 161°. Das durch 
Ic! | ] } 3) )kKOnnNtLe k ‘ 
me Be 
Ko das K felt. (C,,H.O.N (187.2) 
Ber. C, 70 H. 4.8 N. 7.48. Gef. ¢ H.4 
IV). D B 
Mutter G 
itheris« S Das Rohy lub du \ 
Ausbeute 9¢ S i9° (C,,H.O.N | B ( H. 4.% N. 7.48 
Gel. ¢ 0. 78: H, 4,76, ! 
B \ \ a \ \ 
1s 14 | ‘ ) RR | ‘ 
lisiert 1 \ \ X4 S C,,H.O.N 
(175.2). Ber. C, 68,56: H 17; N,& Gef. C. 68,24; H, 5,0 N, 2 
B ) G ] Vi Z ssen 
Lésung von I] Mi Be ) 
man die Lésung von 69.5 ¢ Hydroxyammor chlorid (1 Mol) in 120 c1 VW ( 
S¢ Das 
shiedene Oxim wird zur Reinigung in wenig Athanol gelost, flitriert, und mil Wassel 
vefillt. Ausbeute 111 (94°). Schmp, 130-133 
anti-Benzofuryl-2-phenyl-ketoxim-acetat. 53,4 g vom Oximgemisch (VI) wird mit : 
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die anfangs Slige Ausscheidung fest wird 


4-fac! Cl Mel! re Alkolh« | 
Nach Umkristallisieren aus 


von Schi 146 Gesamtau 


Gef. N 


OCSKAY 


50 ¢ Substanz. welche aus der 
135-140° erreicht. 


lt man 18.9 @ reines anti-Ketoxim-acetat 


29.5 (47°). (C,-H,,O0,N (279.3). Ber. N, 5,02. 


Suspension von 20 g 


beinahe zum 


Wasser und 


gemal umgelést wird, b 
inti-Benzofuryl-2-phenyl-ketoxim-acetat in 200 ml 2n-Natronlauge 
pois Sieden. bis sich alles list. Nach Abkiihlen gibt 1 r Lésung 200 cm* aaa pace 
unter Riihren &5 cn resittiote Ammo! nchlorid-l ul Das ausgeschiedene 
as. Oxim wird abgesaugt Wasser ge chen und Vakuum getrocknet Dieses ase 
wh a Lis ltriert. Auf die Zugabe von Petrolither fallen 11,7 g Oxim vom Schmp 
No (4 Nac C,-H,,O.N (237.2). Ber. C, 7 1¢ 
H, N.5.91. Gef. ¢ H, N, 5,88 
VI). A G ch (V1), oder aus reinen 
Me ( H,..O.N (237 Ber. ¢ 15.93 
H, 4 N. 5,91. Gef. ¢ H, 4,87; N,5,9 q 
\f O 7 He in 
der Ac den die O M cnul 
Zur H B O M 
syn-/ ) is Wasse Schmp. 75 
a (C.H.O.N (167.2). Ber. ¢ 148: H, 5,43: N 8. Gef. ¢ 1.58; H, 5,47; N, 8,58) 
Au Ber Schmp. 84 (C,,H,,O,N 
129.2) Ber. C, 68 H, 4,84: N, ¢ Gef. C, 68 Dol N, 6,43) 
a } ) Al B t Benzin. Schmp. 58 
H,.O.NS (279.3). B C. 55.990: H. 4.69: N, 5.02: S, 11.48. C, 560,16: 
We H | 45.0) 11.4% 
inti-/ -ditl toxim-acetat. Un tallisiert aus Benzin. Schmp. 94 
: (C.H,.O.N ») Ber. C. 59-4 N G ( H 7,64) 
an A nti-J cim-benzoat. Farblose B Benzin. Schmp. 93 
. 8 (C..H..O.N (243.2). Ber. C. 69.12: H. 5.59: N. 5.76. Gef. C, 69.26: H, 5,58: N, 
S H4) 
anti-/ -2-dthyl-ketoxim-tosylat. Aus wenig Bet mit Benzin. Schmp. 70-71 
unter Ze etzune Dic tar ersetzt Sic he k Vor das ich das 
“ae Rohprodukt nach Abgiessen des Wass« n einigen Minuten mit explosionsartiges 
oz Heftigkeit unter Hinterlassung von schwarzem | ersetzte (C,,H,;0O,N5 (293,3) 
a: Ber. N, 4.78. Gef. N, 4,99) 


erhalten werden. 
syn-Furyl-2-dthyl-ketoxim-benzoat. Umkristallisiert aus Benzin. Schmp. 63 
(C,,H,,0,N (243,2). Ber. N, 5,76. Gef. N, 5,62) 
Aus Benzin. Schmp. 66° 
(181.2). Ber. N, 7,73. Gef. N, 7,72) 
anti-5- Methyl-furyl-2-methyl-ketoxim-benzoat Farblose Nadeln Benzin. 
Schmp. 86° (C,,H,,0,N (243,2). Ber. N, 5,76. Gef. N, 5,79) 
anti-5-Methyl-furyl-2-methyl-ketoxim-tosylat. Farblose Kristalle aus Benzol mit 
Benzin. Schmp. 72° unter Zersetzung (C,,H,;0,NS (293,26). Ber. N, 4,77. Gef. N, 4,85). 
syn-5-Methyl-furyl-2-methyl-ketoxim-acetat. Aus Benzin, Schmp. 94° (C,H,,O,N 


(181.2). Ber. N, 7,73. Gef. N, 7,77) 


Farblose Nadeln aus Benzin. 
Schmp. 95° (C,,H,,0,N (243.2). Ber. N, 5,76. Gef. N, 5,58) 
anti-Furyl-2-phenyl-ketoxim-acetat Farblose Nadeln Benzin Schmp. 
109-110" (C,,H,,O,N (229,2). Ber. N, 6,11. Gef. N, 6,33) 
anti-Fury/-2-phenyl-ketoxim-benzoat Nadeln aus Aethylacetat Schmp. 144 
(C,gH,,0,N (291,3). Ber. N, 4,81. Gef. N, 5,08 
anti-Fu 2-nhenyl-kete n-tosylat. Aus wenig Aceton mit Wasser. Schmp. 84 
(C,.H,-O,NS (341.4). Ber. N, 4,10. Gef. N, 4,20 
syn-Furyl-2-phenyl-ketoxim-acetat. Aus Benzin. Schmp. 68° (C,,H,,O,N (229.2) 
Ber. N, 6,11. Gef. 6.15 
svn-Furvil-2-phen enzo Farblose Nadeln is Aethanol Schmp 
99-100° (C,.H,.O.N (291.3). Ber. N, 4.81. Gef. 4.81) 
inti- Benzofuryl-2-methyl-ketoxim-acetat. Aus Benzin. Schmp. 95-96° (C,,H,,O,N 
(193.9). Ber. N. 6.45. Gef. N. 6.54 
B iid Al Alkohol Schmp 135-136 
(C,,H,,0,N (279.3). Ber. N, 5,02. Gef. N, 5,05) 
B fu 2-meti m-a Aus Be in. Schmp 7 (C,,H,,O.N 
(217.2). Ber. N, 6,45. Gef. N, 6,55 
vn- Benzofuryl-2-methyl-ketoxim-benzoat Aus Benzin. Schmp. 90° (C,-H,,0O.N 
(279.3). Be N. 5.02. Gef. N. 5.37) 
n-Benzofuryl-2-methyl-ketoxim-tosylat Aus Aceton mit Wasser. Schmp. 140 
(C,-H,,O,NS (329,4). Ber. N, 4,25; S, 9,74. Gef. N, 4,26: S, 9,85) 
anti- Benzofuryl-2-phenyl-ketoxim-benzoat. Aus Alkohol. Schmp. 152° (C,.H,;0O,N 
(341.3). Ber. N, 4,13. Gef. N, 4,30) 
anti-Benzofuryl-2-phenyl-ketoxim-tosylat. Es wurde von der allgemeinen Methode 
etwas abweichend dargestellt. Zur Lésung von 10,2 g Ketoximin 20 ml Pyridin gibt 
man allmihlich 9 g Tosylchlorid bei 5 lO’. Man lasst das Reaktionsgemisch 
1 Stunde bei 0 stehen und giesst es dann in 150 ml Eiswasser. Falls das Produkt 


beim Reiben und Kiihlen nicht fest wird, giesst man das Wasser ab und verriihrt das O1 
mit wenig Aceton. Hierauf lést sich das Ol teilweise auf und der Rest wird kristallin. 
Beim Verdiinnen mit Wasser fallt auch der geléste Teil kristallin aus. Die Substanz 
wird abgesaugt, mit 2 n-Salzsiure und mit Wasser gewaschen. Ausbeute 15,25 g. 
Zur Reinigung wird das Produkt zuerst aus Aceton mit Eiswasser, dann aus 
wenig Benzol mit Petrolather umgelést. Schmp. 116-118" (C,.H,;;O,;NS (391,4). 


Ber. N., 3.58.Gef. N, 3.84) 
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Ss) n-Furyl-2-dthyl-ketoxim-acetat. Ol, es konnte nicht in kristallisiertem Zustand 


aye 
Vol. 
58 
195 
: 
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syn-Benzofuryl-2-phenyl-ketoxim-acetat. Aus Alkohol, Schmp. 81 (C,,H,,0,N 
(267.3). Ber. N, 5,02. Gef. N, 4,97) 

syn-Ben ofuryl-2-phenyl-ketoxim-benzoat Schmp. nach Umkristallisieren aus 
Athanol 120° (C,.H,,O0,N (341,3). Ber. N, 4,13. Get. N, 4,08) 

svn-Benzofuryl-2-phenyl-ketoxim-tosylat. Das Rohprodukt wird zuerst aus Aceton 


mit Wasser. dann aus Benzol mit Petrolither umgelést. Schmp. 112° (C,.H,;O, 
NS (391.4). Ber. N, 3,58. Gef. N, 3,83) 


Wir danken fiir die Aufnahme der UV-Spektren Herin I. Trummer und fur die 
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UNTERSUCHUNGEN UBER FURAN-VERBINDUNGEN—VI 


STEREOSPEZIFISCHE RINGOFFNUNGSREAKTIONEN 
IN DER FURAN-REIHE* 


OCSKAY 


L. VARGHA und G 
lustrie, 


Forschungsinstitiit fiir die pharmazeutische Ind 


(Re 
t Alkoholen sind 


veran- 


Die Umwandlungen von Furyl-: t a 
I il uryl-2-alkyl to ne dieiden 


Zusammenfassung 
tosvlat rl n unter ildung von iran-2-ca 


oonsaure- 


el 


Derivate im 


Abstract 


their ce 


empfindliche iwesdttigt ein 
Bildungsweise n auch 


nur wegen ihrer merky 
issen bra nodal I Es 


Diese Ziemlic! 
gewisses Interesse nicht 
deshalb. weil sie zur Synthese von verschiedenen yerk] 
sei auf die Bildung von Brenzkatechin, Tropan- und Pyridazin-Derivaten verwiesen 
r DDR am 22 Oktober 1955, 


aC 


Vol. 
1958 
aniiden eine Beckmann sche miagerung, wanrenad die entsprechnendel anti-Fury 
‘ allgemeinen unter Offnung des I Ringes die Acetale von reaktionstahigen ungesattigten Trioxo- : 
j , Verbindungen liefern. Emme Aust ne bildet das Tos t des a S-Met furyl-2-methyl-ketoxims, 
aus de n Folge von Becki n’scher Un ( I nsdureester entsteht. Es ersucht, die 
Stereospezifitat der Reaktione sO c las anon e Verl ter les anti-5-Methyl-Derivates zu 
‘ deutel 
aryl-ketoxime tos te Beck n re to n-2-¢ OX cid al les 
nere tine es I ra | tive at era cetales re I turatec 
: ES WURDE unlingst gezeig dass das Tosylat des Furyl-2-methyl-ketoxims (1) in 
wasserhaltigem Athanol oder Methanol scl bei Zimmertemperatur eine elgenar- 
lige Ris rOlinung erieidel wobel in Ausbeute Amn und 
das Didthyl-, bzw. Dimethyl-acetal des e1s-Hexen-2-dion-4 als (Il) entsteht Die 
Umwandlung ertolgt nach der folgenden Summengleichu! ; 
C—CH 2ROH H.O -+ TSONH CH.-CO-CO-CH:CH-CH(OR) 
O 
NO-Ts 
zu Leipzig 
| Vargha, J. Ramoncz ind P. Bite J imer. Chen 5 70, 371 (1948) 
151 


die Tosylate von 


det “ate 


s(Vilin 


ry 
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snderen Furvi-2-ketoximen auszudehnet Fs wurde daher dic R 
des Furyl-2-iit (111). Furyl-2-hydroxymethyl-(I\ S-Methyl-fi 2-methyl-+V), 
i aa p-met phet toxim Alkohol 
Furvi-2-phenvi- VI) und des Fury XV-Pheny im on 
> niet | 
te sich jed \ IV) ent Reak Suge 
R G Vi. Vil Bild 
den A der | Bech 
Vi 
1 
Um die R \ 
(M1). und (VI All 
R 
BR ‘ \ Vi 
Bech Dic B 
} 
rm 1X 
Die Ke Vill | 
Oy 
Ar e zu ill er H der Ac 
Subst VIII) nimmt bei der Hyd | W toff auf unter Bildung 
| 


Stereospezifische RingOtinungsreaktionen in der Furan-Reihe 


wie cine 1,4-Dioxoverbindung, cin Dihydropyridazin-Derivat, das 1-Phenyl-3-pro- 
pionyl-1,4-dihydropyridazin (X11) hefert 


° 
153 
ae 
CH Cc CH 
-( 
S K Vill dur 
Vol. wc D D it 
2 1) | ic cht 
1958 Dik is (X10 
15-7 \ 
ix H 
~¥ 
1) Mi K \ 
i 
~ ¥ 
Die Id d K ter 
\ gd \ P rates 
ermittcit werde! 
Dic Bildung d d Bech e Umla- 
gerung. unter termed Bild ‘ Met (XVI) 


x-Angelicalacton (XVIII) zu 


Die 
Suckstofl 


OIcKUlAare 


Kation B, und 


Hvydi 
Dic 
Einklang 


nerangezogen 


Schema 3 das 


eophyle 


_ an das die nuc 
ls erfolgen kann. Wenn diese Bedingung 
Das ist 


Vor! and 
Additior des has SCC 
nicht erfullt ist eine Beckmann’sche Umlagerung erwartet werden 


* A. P. Dunlop und ywrans 8. 659, New York (1953) 


& 
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erkliren, welches sich nach Schema (2) iber ds) 
Lavulinsiure-ester umsctzt 
H.O 
\ 
4 
1 
W } K Mi ketox : 
\ in-D gic | Re 
den Me ert R kt elektronet 
the en D dP 53 Buche 
HC = 
Ni 
| ) ‘ \ | ‘ | K | OT cniste 
Bech vird. Hbherauf ertfolgt 
\ von Alb eK d e mesomere Katiot 
he niic e Phase st ch e Oxydoreduh nd ndem det 
red der K rd. Die Add \lh d der 
Oxyd ns-Reduktior ederholt sic stand? 
schl lich ersche das Endprodukt (II) unter Of des Acctal-Ringes C und 
7 ae Reaktionsmechanismus steht mit unseren experimentellen Ergebnissen in 
sie kénnen sogar zur Unterstiitzung dieses Mechanismus 
werden. Die Vorbedingung der Ringéffnungsreaktion ist nimlich 


Stereospezifische Ring n cak 
ich det Fall bet dem Tosylat des 
elektronenspendende Methyl-Gruppe dic 

die Stere pezil der R I 
derten Me 
en (ADI d 2), d d 
Doppe d 
che Hinde 
K 
in der R IN 


He 


Nade 

(C.H,O 
Heptan-dion-4,5-al-didt 

(VIIT) 


werden 


(s Pd) hydriet Nac \utna 
Katalisator abgesaugt, d red 
destilliert. Siedepunkt 71—73°, 0,6 Ma 
Fliissigkeit C,,H,O, (216.3). Ber. C, 61,09; 
-|.4-dihvdropyridazin-p! 


dion-4,5-al-diithylacetal (XI 


ximen ¢ 
d Oximbindung 
re erden kénnen 
‘ ta \ ae 
\ er e ist die 
en } en 


I dic en 
M osen 

1S W \usb e 75 
9.03 Gel. ¢ H,5.99: N_ 9.10) 
Hepten-2-d 4 5-al-diathylacetal 
Gegenw O Pa dium-Kohle 


1) wird der 


i der Riickstand in Vakuum 


| dae 
erhalt 13,3 (82°) einer hellgelben 
H. 9.32. Gef. C, 60.95: H, 9,27) 
(XII) 0.5 ¢ Heptan- 
Eisessig mit | g Phenylhydrazin 15 


tatsiic thyl-furyl-2-methyl-ketoxims (V), 
desse positive Ladung des Kations A 
verm 
gescl An Stuart-Briegleb-Modellen 
bind 
ohne 
Den 
Meso 
Vorbedingung fiir die RingOfinungsreaktion eri 
die drei Doppelbind Mod d n eine Ebene gebracht werden, wenn J 
Vol. das Ringsauerstoffat d das Oximsauersto! tte e Nihe zueinandet 
2 ke en. In Wirklichkeit kénnen also die drei Doppelbindu folge elektro- . 
1958 st cher Abst ingskriifte nicht einer Ebene liegen und d t bei den 
n-1so1 en die \ lie R tio! t erfullt 
BESCHREIBUNG DER VERSUCHI 
- Vill 55 nti-Furvl-2-aithvl-ketoxim- 
tosviat® werden in 320 ml 95 em At eschiittelt. Die Subst reht ca. in 2 
Stunde int Erw l ichzeitiger A cheid 
F to ulfonsaut An D I d dieser Zeit 
re K ‘ J \ ‘ . | 4 \ rd 4 1iedel 
; tol \ Athar d aus 
At ol umkrist ert. Ausbeute C.H,,O.NS (189.2 Ber. 7.40: S, 16,94 
Get. N. 7.4¢ S. 16.4 
Das rotbi Filtrat \ Riickstand 1 tn 
250 Ather und t die beiden S n. Die srige 
Li ren nach Trochk t Natriu t « dampft und d Riickstand in 
Valk destilliert. Man « t 27.4 als he Ql. Siedepunkt 80-8! 4 
unter 0.7 m1 Die S st we in Wasser, le ischen 
Lés rsmittein. S ert Fe e | nd al Silb sung 
schon in der Kilte (C,,H,.O, (214.2). Ber. C, 61,66; H, 8,47. Gef. C, 8: H, 8,57) 
Hepten-2-dion-4,5 n (X). M schiittelt eine Lésung yn 0.6 Hydroxyl- 
ammoniumchlorid t 0.6¢@ Acetal (VID) uw 
Tropfen verschwinden und das Oxu kt 
17] Un 
$4,18: H, 5,85; N 
lacetal-1 (XI). 1 
-igem Athanol 
M 
23 
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Minuten auf dem Wasserbade erhitzt. Der Niederschlag wird nach Abkihlen abgesaugt, 
mit Wasser und Athanol gewaschen und aus Chloroform mit Benzin umgelést. Man 
erhiilt 0,35 g einer hellgelben Substanz, welche bis 250° nicht schmilzt Cy gHopN, 
(304.4). Ber. C, 74,96: H, 6,62: N, 18,41. Gef. C, 74,64; H, 6,80; N, 18,42). 
2,3-Dihydroxy-toluol (X1V) aus X1. Eine Lésung von 5,5 g gesittigtem Acetal (X1) 
in 120 ml 2°,-iger Schwefelsiure wird eine Stunde riickfliessend gekocht. Nach 
Abkiihlen schiittelt man die gelb-braune Lésung fiinfmal mit je 40 ml! Ather aus, 
dampft die Ather-I ésung nach Trocknen mit Natriumsul 
Riickstand in Vakuum. Man erhilt bei 99-100° unter 0,5 mm ein viskoses Ol(2.2) 


fat ein und destilliert den 


aus dem beim Abkiihlen mit Eis-Kochsalz farblose, sehr hygroskopische Nadeln 
ausscheiden. Die Substanz zeigt die Farbreaktionen des 2,3-Dihydroxy-toluols. Ihre 
wissrige Lésung wird mit Ferrichlorid graugriin, die Farbe schlagt auf Zugabe von 
Ammoniak in rotum. Sie lost hin Alkalien mit roter Farbe, die Lésung wird aber 


durch Oxydation schnell schwarz gen niedrigen Schmelzpunktes (47°) 
und ungiinstiger Léslichkeitsverhaltni haben wir au ne vollkommene Reinigung 
verzicniel 

2.3-Dihydroxytoluol in 6 ml Pyridin werden 

wach | Stunde wird in Etswasser gegossen. Man 

odukt (0.85 w au At anol umgeldést wird 

Ber. C, 7 ef H, 5.03) 

] ryl-2-phenyl- 

ketoxim-t at werden in 5°. -igem At ol 3 Tage geschiittelt. Hierauf 

saugt man das ausg iedet nn iumtosylat a .3¢@), engt das Filtrat in 

Vakuum ein, schii t den Riicksta ni n! Ather und 100 ml Wasser zusammen 

und filtriert einen ungelosten, |! t ni intersuchten Stoff aus (1,6 g). Die wassrige 

he Lésung wird nach 

Irocknen mit itriun fat eingedampft und det ickstar n Vakuum destilliert 

Man erhalt athy tal T ri ine 1 wa r unldéslichen 

gelblicher Flu Keil mi 2.3) Ber 
68.08 H. 6.92 

Die Oxydatio mit Wasserstoffperoxyvd i ung von 3,5 ¢ Substanz 

(1X) in 25 ml Ejisessig wird n 3 -igen asserstoffperoxyd 4 Stunden 

riickfliessend ht und nac ri akuum eingedamy Den Riickstand ziecht 

man in mehreren iteile 35 ml Benzol aus, dampft die Lésung ein und kris- 


tallisiert die zuriickeg Cl ubst ry aus heissen a rum. Sie erwies sich 


nach Schmp. und Mischschn 17 aure ‘ute 1.3¢@(80°.). Derin 


Benzol unlésliche Anteil (1.1 2) wurde at isser umkristallisiert und erwies sich 
nach Schmp. und Mischschmp. (132°) a aleinsii ie lieferte bei der Sublimation 
mit Phosphorpentoxyd Maleinsdureanh\ 

Phenyl-pentan-dion-4.5-al- 
dion-4,5-al-diithylacetal-| (IX) werden 5°--igem Athanol in Gegenwart 
von 0.8 g Palladium-Kohle (8°. Pd) hydriert. Nach Aufnahme von | Mol Wasserstoff 
(ca. 90 Minuten) wird die vom Katalisator filtrierte Lésung eingedampft und der 
Riickstand in Vakuum destilliert. Siedepunkt 109-112°, 0.2mm. Man erhilt 6,5 g 
(85°) einer hell griinlich gelben Fliissigkeit (C,;H gO, (264,3). Ber. C, 68,16; H, 
7,63. Gef. C, 68,46; H, 7,30) 

Oxydation von 5-Phenyl-pentan-dion-4, 5-al-didthylacetal-\ mit Wasserstoffpero xyd. 


dthylacetal- 7,6¢ cis-5-Phenyl-penten-2- 


re, 
Ve 
1¢ 
= 
2 
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Eine Lésung von | g Acetal in 10 ml Eisessig wird mit 10 ml 15°%-igem Wasserstoff- 
peroxyd 4 Stunden riickfliessend gekocht und dann in Vakuum eingedampft. Den 
Riickstand riihrt man mit 15 ml kaltem Wasser an, saugt die ungeléste Substanz ab 
und kristallisiert sie aus Wasser um. Sie erwies sich nach Schmp. und Mischschmp. 
(121)° als Benzoesiure. Ausbeute 0,4 g (87%). Nach Eindampfen der wissrigen 
Lésung erhilt man 0,43 g unreine Bernsteinsdure, welche mit 1,5 ml Acetylchlorid 30 
Minuten riickfliessend gekocht wird. Nach Abkihlen mit Eis wird die ausgeschiedene 
Substanz abfiltriert, mit wenig Ather gewaschen und aus Chloroform umkristallisiert. 
Die Substanz erwies sich nach Schmp. und Mischschmp. (120°) als Bernsteinséurean- 


hydrid 
Ldvulinsdure-dthylester aus anti-5-Methyl-furyl-2-methyl-ketoxim-tosylat (V) 23,5 ¢ 
Substanz V*® werden in 118 ml 95°.-igem Athanol geschiittelt. Die Substanz geht 


unter Wiirmeentwicklung und Ausscheidung von Ammoniumtosylat allmdhlich in 


Lésung. Die Temperatur wird durch Kiihlung unter 30° gehalten. Nach 2 tagigen 
Stehen wird das ausgeschiedene p-toluolsulfonsaure Ammonium abgesaugt (10,1 g), 
das Filtrat, welches auch Athylacetat enthalt, in Vakuum eingedampft, der Riickstand 
in 120 ml Ather und 30 ml Wasser aufgenommen und die wissrige Schicht noch fiinfmal 
mit je 25 ml Ather ausgeschiittelt. Hierauf werden die vereinigtenitherische | Osungen 
nach Trocknen mit Natriumsulfat eingedampft und der Ruickstand in Vakuum 
destilliert. Siedepunkt 79-80° unter 3 mm. Ausbeute 5,8 g (50%) (C;H,.O, (144,2). 
Ber. C, 58,31; H, 8,39; C,H,O, 31,0. Gef. C, 58,38; H, 8,30; C,H;O, 30,0. Molge- 


Der Ester gibt in wiissrigem Medium ein Semicarbazon, welches nach Umkris- 


tallisieren aus Aceton bei 153° schmilzt und seine Mischung mit authentischem 
Livulinsiure-iithylestersemicarbazon keine Depression zeigt (C.H,-O.N. (201.2) 
Ber. C, 47.75: H, 7.51: N, 20.88. Gef. C, 47.85: H, 7.46; N, 20,73 

Z\ teren Identil wurde Este SO cn 2 er X efelsdure 
M ic! Kocnt 4 de Li mittel destilliert Im Destillat 
k N oa ) p. 57° nachgewiese verde Aus 
dem Atl Extrakt de s en De ckstandes erhie nan | nsiure 
(Siedept 4—135 welc em Med Semical idhydrochlorid 
und Natriumacetat Livulinsiure-semicarbazon von Schmp. 187-188" lieferte. Eine 
Mischp e mit authentischem Lavulinsaure-semicarbazon ergab keine Schmelz- 
punktde eSsiol 

Si methylester aus (V). Der Methylester wurde aus 59 g (V) mit 300 cm? 
95 rem Methanol analog dem Athylester gewonnen Aus dem Reaktionsprodukt 
konnte neben Ammoniumtosylat und Essigsiure 13.8 g (53°) Lavulinsiuremethyl- 


ester isoliert werden. Siedepunkt 62-64 bei 3 mm (CgH,,O, (130,1). Ber. C, 55,3 
H. 7.74: Gef. C, 55,68: H, 7,72) 

Der Ester liefert ein Semicarbazon, welches nach Umkristallisieren aus 50°,-igem 
Methanol bei 148—149° schmilzt. Eine Mischung mit authentischem Lavulinsdure- 
methyvlester-semicarbazon schmolz ebenfalls bei 

Die Reaktion von syn-Furyl-2-methyl-ketoxim-tosylat (syn-1) mit {thanol. Nach 
5-tigigen Schiitteln von 6 g syn-(1)’ in 30 ml 95 Athanol bei Zimmertemperatur 
wurde die Substanz quantitativ unverandert zurickgewonnen. Schmp. 74 

Nach 5-tégigem Kochen schied sich 1 g Ammoniumstoylat aus. Das dunkel- 


braune alkoholische Filtrat lieferte nach Eindampfen einen braunen Riickstand. 
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UNTERSUCHUNGEN UBER FURAN-VERBINDUNGEN—VII 


UMWANDLUNG VON 2-ACYL-BENZOFURAN-DERIVATEN 
IN CHROMONOL-DERIVATE* 


VARGHA und G. OcSsKay 


Zusammenfassung Dic Re 
Ber 


Abstract 
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Aus praparal sSsichispu cn ul 1u 
runehmen war, das oge Umsetzung ent- 


(Ill) and ressant, weil anzune en \ 
sprechend suOstilure;rtel Benzof IT { Vial rl lavonol. bzw 7u schwer 
Zuviinglichen Flavonol-Derivatet die Reaktion mit dem 
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Tosvylat des bekannten Benzofuryl-2-phenyl-ketoxims (V) ausfiihrten, erhielten wi 


an Stelle des erwarteten Flavonols, als cinziges Produkt Benzfuranilid* (V1) 


nur Flavonol 
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tat 
Die Bild von (11) d (VI) durch Beckma che rungen deutete aul 
aie Ke ofurvi-Ko iratn (1) und aul dic n- Be iryl-Ke iration 
in Unkennt inserer Mit le he tel 
Sic dem Reah \ Me ausser (V1) noc 
Be carbonsiiure-methyk VII). VIIL) und 2-Benzoyl-cumara 1 
(IX) 
Da in der VI Mitteilung' ge erden konnte, dass die Umwandlung det 
= 
eine analoge Stereospx der Benzof R vahrs« 
fie. also anzunchmen, d V) eine Beck cl unter Bildung vo 
(V1) erleidet, wiihrend V) \ l) efert. Die glex 
eed! reitive Bildung von (VI), VII), (VIL d (1X) in den Versuchen von G in und 
re Nach diesen Uberk chien « viins wert, die Versuche mit den 
liber die Konfigurat keit des Reakt erlaufs bestiiti (1) 
+ a syn-(V) scho ich 3 stiindigem Kox in 92 Methan Folge von Bech 
mann'scher ( ung (VI) und e des prin bildeten (VI) 
ee Benzof carbo ire ester (VII) lieferte, abc ir kein Flavonol 
Auch die Reakti V) verlief nach unseren Erwartungen. Es lieferte 
eas nimlich weder Benzofuran-2-carbons nilid (V1), noch den Ester (VII), sondert 
pu in 15°, Ausbeute und eine Substanz von Schmp. 113-114" in 50-60 
L. Var iF. Gin |. Amer. ( Soc. 72, 2738 
'T_ A. ¢ A.A 77, 
G. Ocsh L. Var letrahed 2, 14 
vy? 
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Ausbeute, welche Geissman und Armen nicht gefunden haben. Auf die Isolierung 
des 2-Benzoyl-cumaranon- 3 (IX) haben wir verzichtet, zumal diese Substanz auch in 
den Versuchen der amerikanischen Forscher nur in vernachlassigbarer Menge ent- 
stand. Die Substanz von Schmp. 113-114° stellt nach Analyse und Eigenschaften 
ein Analogon des Acetals (IV) dar, denn sie liefert mit Hydroxylamin—wie (IV) 

ein Oxim. aus dem durch saure Hydrolyse leicht und mit guter Ausbeute das Phenyl- 
Analogon von (III), das Flavonol entsteht. Daher teilen wir der Substanz vorlaufig 
Forme! (X) (2-Phenyl-chromanon-3-dimethylacetal) und seinem Oxim Formel (XI) 
zu. mit der Bemerkung. dass die ungewéhnliche Bestindigkeit von (X) und (IV) 


gegeniiber Siuren dem Vorhandensein einer Acetal-Bindung zu widersprechen scheint. 


NOH H OCH 


nde expert- 
ySierDarkell 


bedarf nach 


X) aus den 


BESCHREIBUNG DI 
Die Reaktion des anti-Benzof ket tosvlats (anti-V) mit Methanol 
Bildune von ( 1 (VIIL) und . en anon-3-dimethylacetal (X)-. Eine 


Lésung von 15.4¢ anti-~(V) in nl hanol und 12 Wasser werden 


; 
OCH OCH 
Vol. OCH OCH Oo 
Geissman und Arme! schreiben dem “‘Acetal” (1V) ohne 
cee mentelle Begriindung Formel (XII) zu izde sie die schwere Hydr« 
der Acetal-Bindur (IV) theoret fii Oglich erklare Die Frace 
unserer Meinu eiterer experiment Bearbeitu 
Um die Bild der Chromonol-D e (IL IV, VI ud 
Benzoturan-Derivate (I. V) 1 deute ren Geis in und Armen’ einen 
zehnstufigen Reaktior eg de das “Acetal von der nicht genligend 
ge bewiesenen Formel (XII) Zwist produkt angenommen wird. Wir halten 
indesse dieses Reakti chema untel dgeren weg der Stabilitat des “*Acetals” 
(IV. bzw. XII und X) nig wahrsche ch. Es scheint uns kaum méglich, dass das : 
“Accel elches K oche tarke Sduren und Alk unverandert 
bleibt unter der Reaktio ped ils Zwischeny tungreren 
kénnte 
Be Erwigung de Reaktlonsmec sO lan nac unsere Meinung die 
fol endc Be ‘ tungel XTUCKSIM 
{i} Dic B a gel dul | iu det lacnen 
Furvl-2-keto ten? und de ( 1-ADKO e aus ad inalogen 
Ber De unt¢ agentis¢ Ve SLC ed 
(2) Die Reaktionen sind in beiden Reihen konfigurations a 7 
(3) In der Reah yn anti-(1) ich das mnol-De it (LLL) d das 
Cun yn (11) durch Beckma sche | erul eK Dic latsachen 
legen den CGedanth Gass all Giese indgiu cine einsa e Antangs- 
pn aur¢ aule 
Aul eine isfiihrliche Darstellu der omonol-Bildung ochten w jedoch 
wegen Mangel an beweisendem Tatsachenmaterial voriiulig verzichtet 
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Stunden riickfliessend gekocht. Am niichsten Tage dampfte man die orange farbene 
Lésung in Vakuum ein. nahm den Riickstand in 100 ml Ather und 50 ml Wasser auf 
und schiittelte die wiissrige Schicht noch mehrmals mit Ather aus. Die wassrige 


Schicht enthilt nach der Analyse 5,8 g (78°,.) Ammonium-p-toluol-sulfonat Die 
vereinigten Ather- Ausziige schiittelt man 7-mal mit je 40 ml 5°.-iger Natriumhydro- 
gencarbonat-Lésung aus. Aus der Bicarbonat-Lésung fallt nach Ansduern ein wenig 
flockiger Niederschlag. vermutlich Benzoyl-cumaronon (IX)° aus 

Der Ather-Anteil wird dann 10-mal mit je 40 ml n-Natronlauge ausgeschiittelt 
und der alkalische Auszug mit 5 n-Schwetelsdure angesduert Das ausgefallene 
Flavonol (1.45 ¢: 15.5°.) schmilzt nach Umkristallisieren aus Athanol bei 168 
und zeigt keine Schmelzpunktserniedrigung in Gemisch mit einem authentischem 
Praparat 

Der nach Eindampfen det Ather-Lésung erhiltliche Riickstand destilliert unter 
0.2 mm bei 147—149°. Das griinlich gelbe Destillat (5,2 ¢) wird zuerst aus wiassrigem 
Athanol. dann aus Benzin umkristallisiert. Das in farblosen Kristallen erhaltene (X) 
schmilzt bei 113—114° und ist gegeniiber Sduren und Alkalien sehr bestiindig. Eine 
Lésung von 0.5 Substanz in 10 ml! Athanol bleibt nach 48 stiindigem Kochen mit 


10 ml 20 iver Schwetelsiure. oder 10 ml Sn—Natronlauge unverindert 


tal (X), 0.2 g Hydroxylammonium- 
chlorid. 0.2 ¢ wasserfreiem Natriumacetat und 6 ml Athanol wird 4 Stunden auf dem 
Wasserbade erhitzt. Nach Abdestillieren des Alkohols in Vakuum gibt man zum 
Riickstand wenig Wasser Das be: Kiihlung und Reiben auskristallisierte Oxim 
(0.5 ¢ 83° wird aus wiis em Aceton umgelost Schmp. (¢ 
(299.3). Ber. C, 68.21: H. 5,72: N, 4.68. Gef. C, 68.51: H, 5,75; N, 4,78) 


Flavonol aus de Or XI. 0.4 g Oxim (XI) werden in einem Gemisch von 5 ml 
Athanol und 5 ml 2n—Schwefelsiure 2 Stunden auf dem Wasserbade erhitzt. Beim 
Stehen iiber Nacht scheiden sich gelbe Nadeln aus, welche aus dthanol umkristallisiert 


(168°) und Mischschmp als Flavonol 


Die Reaktion des svn-Benzofuryl-2-phenvyl-ketox tosvlats (syn-V) mit Methanol 
Bildune n Benzofuran-2-carbonsdure-anilid und Benzofuran-2-carbonsdure- 
methylester (VIL). 12 @ syvn-+V) werd n einem Gemisch von 96 ml Methanol und 


8 ml Wasser 3 Stunden auf dem Wasserbade erhitzt. Man dampft das Reaktions- 
gemisch in Vakuum ein und lést den Riickstand in 100 ml Athet und 22 ml Wasser auf 
Die saure wiissrige Lésung enthalt 3,7 ¢ (70”.) Toluolsulfosdure, welche nach 
Neutralisieren mit Ammoniak in Form thres Ammoniumsalzes tsoliert wurde 

Aus de ilkalische \uszug der Ather-Lésung konnte kein Flavonol. odet 
Benzovl-cumaranon gewonnen we! 
Den Riickstand der Ather-Lésung kristallisiert man aus 75 igem Athanol um 
Man erhalt 1.6 ¢@ (22°.) farblose Sul 


(237.2). Ber. C, 75.95: H., 4,67; N, 5,90. Gef. C, 76,14: H, 4,52: N, 6,15) 

Den durch Eindampfen der alkoholischen Mutterlauge erhaltenen Rickstand 
destilliert man im Vakuum ab. Siedepunkt 185-190 Man gewinnt 2,7 ¢ (50°,) 
Benzofuran-2-carbonsiure-methyl-ester von Schmp. 50-51 Zur Identifizierung 


wurde der Ester mit 2 n-Natronlauge verseift und die erhaltene Substanz aus Benzol 
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, eine Mischprobe mit authentischer Cumarylsaure 


umkristallisiert. Schmp. 191 192 


ergab keine Schmelzpunktserniedrigung 

Die Behandlung von syn-Benzofur) !-2-methylketoxil 
-igem Athanol 16 Stunden gekocht. 93 
Nach 10 tagigem Kochen betrug 
r 0,1] 0,2 g (58°, d.Th.) 


n-tosvlat (syn—l) mit Methanol. 


0.6 2 syn-(1) wurden in 6 ml 95 der Substanz 
konnten unveridndert 7uruckgewonnen werden 


die Menge des unveriindert gebliebenen syn(-l) nu 


Ammonium-p-toluolsulfonat 


Fiir die Mikroanalysen dankenwir Frin. Lenke Szabo verbindlichst 
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to the expected | 7/2 < ll-one 218 0). a 30 ner cent 
vield of ore ™ duct (11) (m.p. 164-166 ) inal. | nd for C,,H 4: C, 32 
H. 10-9 to wl © 17 1158.17 8-trie ure. since it 
a 
exhibit no carbonvy sorption in the ered fri me indrostane-3 
subd ol etl ether | ethy nesium bromide gave an 
Pyrid OX s t ed 1 3-keto compound, |1%,1/x-dimethy! 
androstane-11/),1 j-one (111) (m.p. 20 D 1 Caled. fe C,,H,O 
75-40: H, 10-24. Found $-03: H, 10-08) 
nic AC ce | cts, res mn, 1] opregna 
p. | 23 {nal. Found for C,.H,.O: C, 83-1 H, 11 QO, 4:89) 
Alt ! complex es ftaik to react at C-I1 with methyllit! 
llx ethyl-11 sterone (1V) was re cc € by e follown eact ence 
\*-androsten-| ol (\ 4° (pyr.) Fe i for 0-90 
H DY react enny n< cr-t sOlul Hydrolys of the ketal 
moieties of (V) in 70 per ce cetic acid gave 11x-m« \t-ar ten-11/)-ol-3,17-dione (VI) 
= (m.p. 151-152 16. 243 1 og e419 {na Found for C,,H..O ( 5-6] 
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ER Bs ** This compour ed by the addition of methyimagnesium bromide to androstane-3),11p 
diol-17-one. 1 12 { Foun 4-14: H. 10-52. While ; 
ae ee BA reduction of | red ketones with methyl Grignard reager s not been described nor 
reduc py » De i ally contrast to the corresponding ethy ent 
wish to discount this possit prior 
1 \ nhere by sa 22. 767 
L. Ruzicka, G 1 ind H. Schellenbers He Cain 1 1 22. 767 (1939) 
Peta ep 1 2 F. Sondheimer, F. Batres and G. Rosenkranz J. Org. Chem. 22, 1090 (1957) 
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H, 8-89) which was converted to the testosterone analog (IV) (m.p. 255-256", [x]p + 111°, _— 
nar, 
244 mu, loge 418. Anal. Found for CooHO3: C, 75:24; H, 9-62) by selective reduction* with 
sodium borohydride in methanol] at 0 Alternately, reaction of the 3,17-dione (VI) with pyrrolidine 
in methanol gave the 3-enamine,’ (11«-methyl-3-(N-pyrrolidyl)-A*.°-androstadien-11/-ol-17-one 
(VII) (m.p. 249-250", [a]}p 140° (pyr.), AEtet 281 my, log e 4-35. Anal. Found for C,,H,;NO,: 
C, 77:87: H, 9°43: N, 3-85) which, after lithium aluminum hydride reduction followed by hydrolysis, 
gave authentic (IV) 
We shall report at a later date on further interconversions in this interesting series, as well as on 


the dehydration products of 11x-methyl-11/-hydroxy steroids 
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7 k Academy of S ces Confer \ Steroid ¢ na h Pr tational Activity, q 
New York City, October 8 } 
I lla-hvdroxy nent is also co t with molec ir re tion data \M Lilo ydroxy-19- al 
norprogesterone—+19-norprogesterone 245 compared to AM | 
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ALKALOID STUDIES—XXI* 


PARTIAL STRUCTURE OF CASIMIROEDINI 
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KX, C.D r. Nak M.B 2. 58 (1958) 
\\ N Hi f the National | ites of Mh, U.S. Public 
Hy » t N H-2 4 
( P ( P ctorate Research Fe I55~195¢ Present address: Ciba Ltd., Basle 
F. B. Pow I. Calla Cher 
A Act He 39, 1495 (1956) 
C. Djerassi, J. H H. N. Khastgir, B. Rinik« I, Romo J. Ore. Che 21, 1510 (1956) ‘ 
‘K. Hofmann / ‘ i Der live Interscience, New York (1953) 
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the genus Casimiroa belongs to the same plant family and more strikingly 


N, N-dimethylhistamine has recently been encountered® in Casimiroa edulis. 
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WP Bee: acid oxidation of dihvdrocasimiroedine (11). A solution of 4-4 ¢ of dihydro- 
= epee (11)° in 80 cm’ of water containing 8-8 g of periodic acid was left at 
ape ge de ro emperature for 4 hr and the pH of the solution was then adjusted to 6-57 ; 
oe WS © of amber-colored oil which could not be crystallized. Chromatography 
a sae in chloroform solution on Merck acid-washed alumina and washin Wil tine same 
ee solvent furnished a trace of material while the bulk was eluted with chloroform 
x ag methanol (10 1) and represented a cok ess [oam esistent to crystallization 
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Sting Vloroforn nexane (28 |?) tne p Ye and 
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ent distributio pparatus was employed The peal ictions 
: same infrared spectrum as the al chromatogram fractions 
mficrat hes rar 4 marn} } 
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* Melting points were determined on the Kofler block The mic ¢ ¢ p ned by Mr 
Joseph F. A no (M c Ne Jersey) D ,. B it (M m, Ger We are greatly 
ndebted to Dr. Harold Bo | l Co. polis, I a) electro itions whiclt 
; were carried out 3 queous dimethyl forma le and to Dr. F. K S x, S.A., Mexico City) 
and Dr. F. A. Hoc n (¢ Pfizer Co., Brook Ne York) for supp is roedine 
; The product w mphoteric and could not be extracted with chloroform from either a strongly acidic 
or strongly Dasic med 
\ Hochstein and J Ling New Yor! 5 Veet r-in- Mir American Chemica Society 
(February 15, 1957) 
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inal. Found: C, 61:29: H, 6-71: N, 10-70; 0, 20-88. 

Subsequently, it was found that analytically pure material could be secured easily 
in the following manner. The oxidation mixture from 10 g ol dihydrocasimiroedine, 
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THE ALKALOIDS OF S. Donnell-Smithii AND S. Galeottiana 7 
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The reduction with lithium aluminium hydride of voacangine (la), produced the 
alcohol voacanginol (Ic) Cy,HegO.No, which upon ozonisation led to a similar 


scission product corresponding to C,,H,,O,N, (IIc) 
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which showed m.p. 233-235" (dec.) after three recry stallisations from ether—methanol. 
It has not been investigated further 


From fractions 11—13 (benzene—3°, MeOH), 0-30¢ of another alkaloid was 


obtained, which after recrystallisation from ether—-methanol showed m.p. 135-139 


It similarly has not been investigated further 
Voacaneine. The 21 g of crude voacangine were recrystallised from ether—methanol 
137-138 


until a sharp melting point was reached. vielding 11-2 g, which showed m 
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The comparison of this sample with one « ‘ntic voacangine* did not show 
depression of the mixture melting point, and the infra-red curves were identical 
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Degradation of voacangini (a) With palladium A mixture of g of voacangine 
and 1-0¢ of 5 ps Ga charcoal was heated at 220° for 45 min | volatile 
ee fraction was condensed and at the end oj the reaction it was Gisso ved in methanol 
a. and treated with a methanSMfion of picric acid. The picrate was filtered and 
crys | and showed m.p. 181-182 [The m.p. was un- 
‘ depressed when mixed with the picrate of an authentic sample of 3-methyl-5-ethyl a 
pyridit e.(m.p 181-182 
(Found: C. 48°63: H. 4-12: O. 31-50: N. 15-95. Calc. for C,,H,,O;,N,: C, 48-00; 
: 
H. 4-03: O. 319 N_ 16-00 ) 
‘pen From the picrat free base w yhtained. whic oil it} 
268. 274 3930: 2600 
pallad I charcoal wa d off na resiau was chromal YU O 
ilumina | from the fraction ted vi ein d Fy aq wnici 
} " nurified by sublimation at 90° and 0O-Ol m1 iving a crystalline sublimate with 
m.p. 8O—8] 24. 580: 7020 
‘ta nd ( 69-14 H QC) 16-37 NX (aic. tor ¢ H 69-()9 
H. 6°85: 16°73: N, 7-33. Calc. for C, 69°32; H 59: O, 16°06 5 
7-03 ) 
It has not been possible to identify this compound until In the infra-red 
W a carvonyvi Dand and thereiore tnel » eX i why 
Noxy 2 3-disubstituted il dole { | ib C 2) 
niu A mixture of | g of voacangine and 2:5 g oil sele m was 
it 220 The residue was extracted with benzene and the solution 
- I 4 
ohed on 50 g of alumina F-20, collecting fractions of 50 cc. Fractions 
t ether) gave 0-12 2 of a crystalline product, that, after recrystallisa- ' 
> 
Il, gave m.p. 56° (alcohol) 227, 293 mu 7 
GE thank Prof. M. M. Janot from 1 Facu le Pharmacie de P pp is with 
: a sample of his voacang 
We wish to thank P H. Lochte fror University of Texas for ply u itMentic 
sample 
4 
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Taste 2 


35.000: 7600 


$3,000 


palladium-—charcoal 


| lo of § 
fraction was collected and a 
an 


rogenated wit 
Ihe volatile 
ethanol The 


t depress the melting point 


p. ISI-182°) was obtained fron mixture with 


icrate of 3-methyl-5-ethyl pyridine did 1 
ive any recognisable degradation products when it was 


Con pound Ila did not 
with LiAIH,: NaBH,; KOH in ethylene—glycol, etc 
acanginol (Ic). To 1-0 g of voacangine (la) in 25 ml of anhydrous tetrahydrofuran, 


treated 
u 133, 748 (1901) 


% 
34-tet b 227. 273, 293 mu; ¢, 
100 
6-Methoxy-1.2.3.4 drocarbazole 229, 270, 300 my 4500 
5100 
7-M ?.3,4-te ydrocarbazole™ 226, 271 $2,000 O50 
228, 273, 298 32,400; 4790; 5500 
C..H..ON Mained by del 228, 273, 298 5,830; 2360; 2720 
Ve 
C. 774 H. 8-47: O. 5-40: N. 9-23. Calc. for C.,H..ON.: ¢ 0) 
] 
(ale 226, 298 14.400; 8590 and a formula C,,H,,ON 
O / ng Karre directions 
obtained ted AD 162 B ( ire chiorotort 
melt ne (0-96 (3-1 ner cent) of a samp I] ned pn. [S6—] 
(Fo d: CC. 65-75 H 7-01: O. 20°34: N. 6-98. (¢ c. for H..O.N 65°93 
H. 7-05 () 7-00 
Saas, Compound (Ila) (0-3 g) was saponified with 0-6 g of potassium hydroxide in 60 ml 
of me ‘ for & hy Ihe alcoho as norated. water was added 
and il | aciaihed H¢ CO The s extracted with chioro- 
“uel form After the usual work-up. 0O-I8 @ of a ve w solid acid was obtained wil ich 
Ps could not be ci sed. It was dissolved in methanol and esterified with diazo- 
tallis 
methane After was evap ited to dryness The resulting crvstatiine 
fag residue showed the same m.p. as the original compound (Ila) and the mixture m.p 
was not altered 
Con yund Ila (Ud Was de 
ee by heating the mixture for | hr at 
ens picrate (0-01 g n 
authentic 
M. Ra H Bu Ci Fr 9, 62 42) 
oe 3 P. Karrer and P. Ens Helv. Chim. Acta 32, 1390 (1949) ‘ 
ik > — ‘J. R. Chalmers, H. T. Openshaw and G. F. Smith J. Chem. So 1115, (1957) f 
J ee 25 N. Neuss, H. E. Boaz and J. W. Forbes J. Amer. Chem. Soc. 76, 2463 (1954) * 
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| g of LiAIH, in 25 ml of anhydrous tetrahydrofuran was added. It was boiled 
for 4 hr and then worked up in the usual way. From the chromatography of the 
residue. the fractions obtained with ether and ether—10°, chloroform gave 0-570 g 
of crystals with m.p. 203-205°; Amax 228, 292 my; ¢&, 20,300; 5660: A, = 3-0 mu. 
(Found: C, 74-27: H, 8°61; O, 9-27; N, 8-14. Calc. for C,,H,.O,N,: C, 74-08; 
H. 8-29: O. 9-40: N, 
Voacanginol gives a hydrochloride that crystallises only if acetone is added, show- 


ing then. m.p. 202-204° (dec.): [a«]}j’ +0° (water); Amax 211, 228, 292 my; e, 27,360; 
26.650: 9660: Amax 5°85 uw (Nujol). 

(Found: C. 67-08: H, 8-09; O, 9-59: N, 6°66; Cl, 8-68. Calc. for C,,H.O.N, 
HCI—C.H,O: C, 66:26; H, 8-11; O, 11°03; N, 6°44; Cl, 8-15 


When the crvstals are boiled several times with methanol. then evaporated 


} 
I 
( 


to dryness. an oily residue is obtained that 


due to the 
7) was ozonised in 40 m ind 20 ml of 
The reddish solution was alkalinised with NaOH. 
lumina 


iorotorn 
orotorm 
tallised fri ‘ther, affording 
hloroform 
\ were 


29,140; 


(Found: C, 58°89 10-67: N. 8-95: 16°71 Calc. for 
C.,H,,0,N,Br: C, 58-22; H, O, 10-11: N, 885; Br, 16°84") 


By chromatography of the mother liquors, 3 g more of compound A were obtained 


plus very sn all amounts of 2 other crystalline compound 

Compound B (370 mg) m.p. 238-240 [a}z” +46°: Amax 221, 284 my; e, 28,200; 
9470: Amax 2°95, 4°58, 5°81 u 

(Found: C, 58:59: H, 596: O, 10°41; 8-76; r, 17-01. Cale. for 
C,,H,,O,N,Br: C, 58-21; H, 5-96; O, 10-11; N, 8-85; Br, 16-8477) 
233, 284 mu: e«, 12,800; 


Compound C (100 mg) m.p 175-176; [a]; 34°; Amax 
7300: Amax 4°57, 5°81 4 

(Found: C. 70-50: H. 6°84; O, 12-23; N, 10-65. Calc. for C,,H.7O,N,: C,70°20; 
H, 6°92; O, 12:20; N, 

rhis compound seems to be an indolenine. The reduction of compound A (1-5 g) 
by boiling it for 3 hr with 3 g of Raney nickel in 100ml of ethanol, produced 
0-45 g of a compound with m.p 230-233°. By recrystallisation, an analytical sample 
was obtained which showed m.p. 240-241; +0 Amax 218, 284mm; 37,200; 


20,000: Amax 5°80 


Vol. 
1958 : ater with 
tracted 
CALIALICU 
[he eluate 
of benzene-ether (9:1) afforded 0-4 ¢ of crystals with m.p. 124 = After re- 
crvstallisation from acetone—hexane, the m.p. was 130—-I131°; Amax </2, 
395 1 18,140; 22,920; Amax 3°05, 5°9, 
(Found: C. 67°88: H. 3: O, 16°68: N, 8-23. Calc. for C, 67°72; 
H, 7-58: O, 17-18; N £/o) 
ae ee on Braun degradation of voacangine (Ia) A mixture of 10 9 of voacangine (la), 
oe 20 g¢ of freshly prepared cyanogen bromide and 150 
as « a for 9hr. and let stand at room te! perature overn 
excess of BrCN were evaporated Ihe residue cry 
i 
ol al product ith m.p 198 By rec! 
methanol and acetone—methano 5.26 2 of nalytical 
obtained which showed m.p. 9? Amax 218. 285 mu: ¢, 
10.816 j 3-13. 4°59. 5-82 
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(Found: C, 69-51 15-94; N, 7-43. Cale. for C,,Hy,0,N, , 69°32: 
H. 7-59: O. 16°06: N 


This compound ts probably ar 


aldehyde produced by the transformation of the 


liquors another compound (0°162) was 


nitrile group 
mhy other 
om chloroform-—ethanol 


By chromatograph 
The rect stall ation 


obtained which é 
9 
/ 212. 285 mu 


aff 


69-49: 


™ 750: 15.500: Amax 32. S81. 62 
(Found: C, 69-71; H, 7-92; O, 12-27: N, 10-27. Calc. for C,,H,,0,N.: C, 
a) ae This product is probably an amine produced by the reduction of the nitrile Be 
(B) Bart y 
aricad } ( cad sf Were ned Were CONLIMUOUSTY 
extracted coho The ex ‘ NCE ed to 41 ind 
‘ of yucous Iroc c acid were added. The 
nre ing discarded | age if \ 
proc trac de ) ene, 5 of an oil 
H, N, 9-4 ( ( C, 80°80 
By 
4 Shr. A ed. 7 t and f BrCN 
SAM ‘ 
j 
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sublimation at 95° and 0-001 mm showing m.p. I11—112°; Amax 224, 286 my; e, 
18.000: 8460: Amax 4°52 
(Found: C, 78:27; H, 8:17; N, 13-66; MW, (Rast) 289. Calc. for C,>H,,N,: 
78-13: H, 8-20; N, 13-67%; MW, 307). 
When 0-11 g of this compound was refluxed for 2 hr with 10 ml of 10", potassium 


hydroxide in ethanol, and then left standing at room temperature overnight, 0-075 g 


of crystals was obtained. By recrystallisation from chloroform—methanol they 
showed m 143-144", and after sublimation at 130° and 0-001 mm the m.p. was 


147-149 j 296. 283. 290 mu: 37.860: 10.840: 10,270: Amax 2°95 uw. The 


mixture melting point with (--)-quebrachamine was undepressed and the infra-red 
spectra were identical 
Rechromatography the ec of oil on | kg of activated alumina gave, in the 
fractions eluted with benzene—hexane (50:50), 4-2 g of oil from which tabernanthine was 
crystallised out; from the fractions obtained by elution with benzene—hexane 
(80 : 20). 5-38 ¢ of oil were obtained, from which isovoacangine was isolated; finally, 
ited with benzene-ether (1 : 1), 2°7 g of oil were obtained from 
whicl 
Tahernanthine he 4-2 g of oil wer rystallised from benzene—hexane, obtaining 
400 n rude tabernanthine, m 203—203 By recrystallisation and sublimation 
1g anaiytical Sal iple were obtained which showed 
35.970: 4410: 58 
alc. for 
N. 9-03 O—CH 
entic sample of tabernanthine, obtained 


mtr 


undepressed ind the 


1 extracted with 
of tabernanthine 


| 
J 
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2 
by decarboxylation of isovoacangine, was spectra 
Were 
: | trom the chromatogra was crystallised 
rom ether-met of crud voacangine, m.p. 148-149°, which 
ifte hlimat 10-01 mm) gave 9 of pure isovoacangl » $7 
j H O N, 7°67: OCH Calc. for 
( ( H_ () \ 7-60 OCH 
\ iT vet iT droc ‘ de n 995 DIR fran nethanol 
This com d se it was established that it was 
‘ ine rouping was attac to posiliol! 
droxide 1 he solution was acidified to 
nH dj eating for on 
nae ‘ | cx al 
wert Report 4( cetone); Amax <<25, 
800). Found: 2 5 226, 295 mu 
(Found: ¢ H, & O, 5:20; N, 9-08; O—CH,, 9-98. Calc. for 
¢ H, O 9-0 O—CH.,, 9-91) 


F.20. 
H, 7-95: O, 900; N O—CH,, 1687. Cak 
Vi 
H O N 
| m ire ne 
Sremm nia Galeot 
‘ 
C, 81-38; H, 8-63; N, 999%; C—CH,, 5-3 
The constant Gg the empirical | ula comeide for those reported 
for y ‘4 cl ino 
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CIS- AND TRANS- AND 1H:4H-DECAFLUOROC YCLOHEXANES 
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ucture (IIl or IV) was then ; gned to the compound, since dehydro- 
orded octafluorocyc/ohexa ind -1:3-diene and 3H-+V) and 4H- 
x-l-ene (VI). However, late estigations on gas chromatography* 


e rubber, the fraction 


various reasons, ; nat time, 


cCOmpoul 
trom 
1y over dinon 
shown by infra 
ire Samples ol compound (SA) 
d likewise for compound (5B) Also the original 
the two components (5A) and (5B) 


ioride mixture having boiling p yint greater than 


eak iich could not be resolved further by 


analytical gas chromatography packings and was pure 


» 
4 
184 
H:3H-st 
fluorinatior 
showed t. on other packings, notably silicone oil/siicon 
(5), O.p was resoived into two ponents 
Ho: 2He HO d 
Vc 
¢ 
1¢ 
4 
an 
H 2H-decafi de (| p 
of SB d pure 
eee nonafluoro e) ere further fluorinated by cobaltic fluoride. Jnter alia, 
grt compound (5A) free from (5B) was 
(5B) free from (5A e othe 
a product of fi by prep 
torn was the same as this pure specimen, a : 
oe 
tional distillation of the polvfl 
gS 9° gave a major fraction =e 
any available 
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Analytical gas chromatography’ had shown that there were three compounds 
having boiling points near to 90°. One, a large fraction (peak 7), b p. 92° is anonafluoro- 
cyclohexane and is described in a late paper.” The other two were small components 


(peaks 8 and 9) and they could not be separated by distillation. since all fractions 


boiling between 86° and 92° contained compounds 6, 7, 8 and 9. Accordingly. a 
fraction was taken with maximum concentration 1¢ new compounds, and 
rated by preparative-scale gas chromatography give the t pure compounds 
ind (9). These had boiling points of 91° and ctively, al t is of interest 
in the series of three con 1d and Y) the gas chi graphi ‘tention 
times on a packing of dinonyl phthalate se hr are in the reverse ordet boiling 


point 


j 
Dehydrofluorination on the dec 


f the compounds (5A. 5B. 6 
ysis to be decafluorocyc/ohexat 
graphic retention time ident wit! 
(11), and con 
cation 
The otl el four COMpOou!l ds were Iny 
potassiun hydroxide on pounds (5A) 
analytical gas chromatogra] \ 


cyclohexa-1:4- and 
i h 


(\ ) could be detected 


vit! 


by analytical gas chron 


3H- and the 4H-mono-o 


proved conclusively 


parative-scal 
red spectra with 
pound (6) (b.p. 86°), the 
difluoromalonic acid fré 
3H-heptafluoroadipic fi 
[he oxidation of the 3 fin (V) to 
attended by CX] 
being of doubtful purity. Accordingly, this process was re-examine f the olefin 
was treated at about 70° with aqueous potassium permanganate contaii sodium 
bicarbonate the primary } 2H-heptafiuoroadipic acid was obtained in good 
yield and it could be purified fairly dils t Ww haracterised as the free acid, 
dianilinium salt, and di-(S-benzylthiuroni alt. The 2H-acid itself, as expected. 


was less stable than its 3H-isomer: fluoride ion was eliminat 


ed m 
reaction with aqueous bases. However, it may 

when pure and ts fairly stable reat. With 

acid was degraded, some tetrafluorosuccinic acid was fi 

glutaric acid reported earlier." The 3H-olefin (V), with aqueous potassiun 


ganate at 100°, gave hexafluoroglutaric acid as reported [he samples of the 
derivatives of 2H-heptafluoroadipic acid obtained previously were essentially correct. 
but as suspected were contaminated with material from the breakdown of the olefin 


(V) and the 2H-acid itself arising because the oxidation was too vigorous 


> 
— 
j 
forocyclohexan 
Vol. 
nd isolated as described ipbove were shown 
( mnound QO! mat 
1958 | 
5 
at of the known 1H:2H/-decafluoro 0- 
= infra-red spectra confirmed e identifi- 
: tad ‘ hy 
= igated by dehydrofluorination with aqueous 
oe nd (6) afforded three products, as shown by 
- enuon times the same as those of octafluoro- ; 
4 liene and 4H-non rrocyciohex-l-ene (VI). No 3H-olefin 
ywever. Compounds (5B) and (9) gave four products, shown 
tography to be the two dienes mentioned above. and both the 
efins (V) and (VI [he identity of all of these olefins was 
eadily on 
dif iculty 
the 2H- 
xafluoro- 
yerman- 
: 
Sey 
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Structures of the decafluorocyclohexanes 


Identification of the products obtained by dehydrofluorination of the decafluoro- 


cyclohexanes showed clearly that compounds (5A) and (6) which afforded no 3H- 


olefin (V) were 1H:4H-decafluorides (VII and VIII), whilst the other two (5B) and (9), 


the 3H-olefin, were 1H:3H-compounds (111) and (IV). Preliminary indi- 


wl ich gave t 
cations of the stereochemistry of each compound were obtained by qualitative com- 
parisons of the rates of dehydrofluorination umi iat the dehydrofluorination 


HEXANES 


ind 
I ould 


Sit 
Hite 


ec amounts ol 


all these con ysomer of b.p. 89 
ympound 9) ga adilv detectable amounts of the dienes and the mono-cenes 


(V and VI). whereas the other compound (5B) gave mono-enes but no ¢ 


more vigorous reaction conditions were used, complete dehydro- 


lienes. Corre- 


spondingly, when 
fluorination of all of the starting material occurred with compounds (SA) and (9), 


whereas appreciable amounts of the decafluorocyc/ohexanes remained with the other 


* 
jee 
( R k cs y CLs 
Structure ( Starting 
C,! {H-C,HI 3H-C,HI 
a B H/3H \ 
ax rn H-3H H:4H ac 1S ay axial 
fluorine sub le on either side CHI yup vossible conto 
ed ere possible in 
ion 
hot ( e ‘ uutset 1 e orienta- 
‘ \ | 
ome og mild conditions, the 1H:4H-compound (6) (b.p. 86°) gave some of the 4H-olefin (V1) 
} detectah of either the oct ro exa-1:4- or -1:3-diene, 
H:4H pound (5A idily detectab| 
W ric 
d 
1 
é 
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pair, (SB) and (6). These results suggested strongly that compound (6), b.p. 86°, and 
the higher boiling component of the fraction of b.p. 78-79" (compound 5B) possess an 


equatorial hydrogen atom, i.e. they may be designated 1Ha:4He/- and 1Ha/3He- 


decafluorocyclohexane, respectively. The remaining two decafluorides possess di- 
axial hydrogen systems, i.e. the lower boiling component of the fraction b.p. 78-79 
(compound 5A) is the 1Ha 4Ha-decafluorocyc/ohexane and compound (9), b.p. 89°, 
is the 1!Ha:3Ha/-isomer 

These allocations of structure and those of the 1H:2H-compounds’ could be tested 
by relating the decafluorocyc/ohexanes to two nonafluorocyc/ohexanes also obtained® 
from the polvyfluorocyc/ohexane mixture. The nonafluorides were shown? by identi- 


fication of dehydrofluorination products to be 1H:2H:4H-compounds; resolution of a 


derived 3H:4H-hexafluoroadipic acid in which the hydrogens retained the configuration 


of the original 1H:2H-system showed that both hydrogen lis were axial, 1.e. 
nd rates of dehydrofluorination of 1 ners indicated that the lower- 
one (b.p. 92°) was the 1Ha:4He/2Ha-c 

the 1Ha/2Ha:4Ha-stereoisomer (X) 

al rides were fluori furt 

cobaltic fluor i! al ular static reactot1 he n uoride (IX) gave five 

prod Cl three dec ifluorides. 


la:4He/-( VII), 


ested by dehnvadrotiuorination reactions, are supported 
tudies, and by dipole moments for the 1H:2H- and 1H 4H-pairs 
es from the nonafluorides (IX and X), the 1H:3H-pair are related 


lution of the acid derived from the nonafluorides (IX and X) is 


The res« 
yet more proof of the structures of the 1H:2H-compounds It must be noted that the 
fraction of b.p. 78° studied previously °:’:* was a mixture of the 1H 4H- and 1H/3H- 
isomers, which could not have been separated by the techniques then available 
However, the products obtained by dehydrofluorination’ * were of course, pure, since 
the same olefins are derived from each. The decafluorocyc/ohexane mixture obtained* 


'D. Steele and D. H. Whiffen Tetrahedron In press (1958). 
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the isomers |Ha/2Ha- (1), b.p. 70°, 1Ha/3He-, (II), b.p. 78°, and | 
b.p. dé Likewise, the nonafluoride (X) gave five products, perfluorocyc/ohexane, ' 
unaec fluoro UA and tnrec dec ( de the isomers 2H - (1), { p 
70°, 1Ha:3Ha/- (1V), b.p. 89°, and 1Ha/4H VIII), b.p. 7& Thus, the structures of 
Infra-red eas ! I e ( H stretc Irequencl of the six decafluorides 
|H:4H-decafluor: exanes was ed € ements ol e dipole yments 
; of he isomers in benzene solutions. The obs ed dipole moments were |Ha/4Ha- od 
decafluoro e (VIII) (b.p. 78°) 1-05 D ccuracy ot t determination was 
not t i e could not exceed |:5 D | Ha:4He/-decafluoro O- 
hexane (VII) (b.p. & 59D Altho ese p c the former, are 
oni PPro te, gqemonstrate une ul ne st COU nical co Iratlo 
of eac ymer, the compound (VII np. 86 possessing the r dipole (2:59D) 
vith which the calculate ilue (2-69D) is in good agreement The lower boiling iso- 
mer (VIII) must t efore be the frans-« pound 
All six decafluoros lohexanes have thus been isolated and characterised conclu- d 
sivel\ i he Structul 
firmly by infra-red 
Through the syntl 


fluor 


the tv 
a 
1H 4H 
fluori 


COmMmpO 


Spectroscopy 


1H 3H-isomer 
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TaTtow and E. H. 


me reduction of the 1 


nixed dic! lorodecafluoro. yvclohexane 
ition of o- hlorobenzene ni bee! examined by vas 
nis were prese it ney 
uorides now characterised 
nd shows clearly 


EXPERIMENTA 


A 
by lithium aluminium hyd: 
isomers formed’ by fluor 
chron Lo ray ny It is 
had nt time< ident 
The large predomu ce of 
that 1 ‘ration ot ¢ rine occurs only to a limited degree 
From qualitative obser opears that the relative rates of dehydro- 
il s of the decatiuorides [olow the paticl to be expected The 1H:2H/- 
react for ‘ OT gine Cal | H 4H | d H eact 
is | or r mor gily This 1s na aavdie ince tne two aXial 
ay hydrogen atoms are separated on each side by two CF., groups and so each should : 
ha slight real dity hvdroge the 1H:2H- and |H:3H-series 
side f the exane e IH:3H ympound they are close together 
q 
pe | ix ine Same Criect Is ) es 
4 | | ed | ] iv i 
cketed 4 ft packed Din sp [he 
i. 7 d comprised per <ture 
nVing e flat re e dis | frac rave peak 
ruhr packings eve ere cted (Found: C, 27-5; H, 1-0 
F. 72-7. for C,H.,I H. Os: | However, wit columi 
pack f ver’ (1:10) (temp. 7&8 flow-rate 0 /hr.) the 
col mn SS SI p resoluvion ol 
d 650 « ¢ and displayed sal wulabdie to the 
and 1H/3H-d f] ‘ prepared sep ely by cobaltic fluoride 
: tion of two of the 1H:2H:4H ifluoro exanes (see later). No other 
graphy in a tube 2 cked with tricresyl phosphate/kieselguhr 1:3 
ees (temp 40°. N, flow-rate 9 Ihe two components were identified by infra-red 
as | H/4H-decafluoro exane contail about 9 per cent of the 
or EEE, and as the 1H/3H-compound, free of the other isomer ia 
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Fraction B. This had b.p. 86°0-86°5", and was 3-5 per cent of the mixture, giving a 


considerable flat part on the distillation curve. It gave a single peak (no. 6 in Table 1) 


on analytical gas chromatography, even when large samples were injected and 
various packings used, viz. dinonyl phthalate/kieselguhr, tricresyl phosphate/kiesel- 


guhr, silicone oil/silicone rubber. It was |1H:4H/-decafluorocyclohexane, b.p. 86°, m.p. 
40-41° (Found: C, 27:0: H, 0:8°%) 


Fractions with b.r. 70-77 and 78-86 were mixtures and no new components were 
detected by gas chromatography 
Material of b.r. ! 2 hown by analytical gas chromatography 


to contain 


1H:4H/2H-n 


These were the | -decafluoride (b.p. 86°) (peak 6°), 
ew components 

as impossible, th action with the 

is (Fraction ) was 

packed with 


The first and 


‘hromato- 
1800 


iumimium 


j 


p. LOL) wi Yi uring r ove! iltic fluoride at about 150° in the 


fonexane, 


1 product (17 g) 
ter the additi he presence of six 
components. The mixture (4°29 g) cale gas chromato- 
grapl vy (column 16 ft packed wil inon thalate/kieselguhr 1:2 temp YS 


iil 
N,, flow-rate 9 I/hr) to give a trace of perfluorocyc/ohexane, b.p. 52°; undecafluoro- 


cyclohexane, b.p. 63° (0°32 g); 1H/2H-decafluorocyc/ohexane, . 70° (0-18 g), 


natluorocy. 
(peaks and 9 separatl 
Vol. maximum concentration 
2 I . a | tLive-SC 
1958 dino phthalate/kie thr 1:2, temp. 100°, N, flow-rate 10 |./hr). ==” 
econd compounds to be obtained in this way were the |1H:4H/-decafluorocyclo 
hexane (b.p. & nd the 1H:4H/2H-nonafiuor hexane” (b.p. 92°). The third 
aan compound (b.p. 91°) was 1H:2H/-decafluo exane (peak 8). The _ 
eTrapny etent limes nd intra-red spectrul OVE tne fa 
4 h yvaride rec Cil of 1:2 dichlore de call ) exane in etne 
H. 0-8; | H:3H/-decafluorocyclohexane. The ove eld of the above 
(300 er (S00 cx | end le from 
e-ly pec VIC ed 1 O.d. COP] ) [he tube was 
: heater eal of d design de re The com- 
were ck ‘ ip) a ( W | is COmM- 
plete the apparat ept out for « ( nv vA eal f nitrogen, and 7 
e trap ed to room tempc the conte! ed to water 
passage at about 150° of fluorine (ca. 25 dur li hr. After beu vept through 
with nitrogen, the reactor was again ready tor usc 
Fluorination of 1H/2H:4H-nonafluorocyclohexane. The 
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1H /4H-decafluoro he xan e) (Found 2 H, 
1H:3H)-decafluorocyc/ol nchange 1H 2H:4H- 


nonafluor 


ident 


= 
a a 
fiuorocyc/ohexanc, D.p. These co pounds had intra-red spectra 
ree Mmfical with those of the analogous samples described above. The gas chromato eS 
graphy ectention were aiso the § 
nation of \H:4H/2H-no7 cvclohe. rhe nonafluorocyc/ohexane 
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dinonyl phthalate/kieselguhr | : 2, temp. 87°, N, flow-rate 10 I/hr) into octafluorocyclo- 


hexa-1:4-diene (0-12 2), octafluorocyc/ yhexa-1:3-diene (0-01 g), 4H-nonafluorocyclo- 
hexene (2°03 g) and the trans-1H 4H-decafluorocyc/ohexan 30 7). No 3H-olefin 


was found. The 4H-nonafluorocyc/ohexene possessed an infra-red absorption spec- 
trum over the range 1800-650 cm 
When the 1H/4H-decafluoride (0-5 g) was refluxed for 2 hr with potassium hydro- 


xide g) in wate! (3-0 cc) the product contall - and dienes. no 


or 


(0-038 


A 
starting material or 4H-olefin being present 
f |H/3H-ad i cyclone xan nexane 
(3-5 b.p. 78°. obtained by fluorination of the 1H:4H/2H-nonafluorocyc/ohexane) 
| The org 
was refluxed with pot hydroxide n water (8 cc) ine « 
laver was sep ted na a ca D is chromatog phy (dino pht late kiesel- 
Vol. 1:2. temp N,, flow-rate | revealed presenc 
2 ent {il ung rca tartin mate wil etention 
1958 times identica ose of al ¢ specimens of the octafluor . 
} } ‘ 
ne | na the 4H ind ) Huoro AC 
a diene (ca. 0-01 g), 4H fl (1-09 g), 3H exene | 
(0-99 9) and un 1 1H/3H-decafl (0-0 ese fractions 
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eX j ind 4H H l The 
xed fins (1°64 ed pi 
(O-2¢ tH H 
2 
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requires 47-2: H, 3°7°4) Treatment of the dianilium salt g) with 
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hydroxide, a relatively difficult reaction in both cases, each gave a mixture (boiling 


range 66-90), which was shown by analytical gas chromatography to contain six 
compounds. Preparative-scale gas chromatography? effected the separation of these 
two mixtures into their components, and it was demonstrated by infra-red spectro- 
scopy,®:’ and by the identity of the gas chromatographic retention times, that the six 
products from one nonafluoride we ndividually the same as those from the other 
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IS ty pics 
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Wi 
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chromatography and infra-red spectroscopy as the two conjugated dienes (IV and V) 
and hexafluorobenzene. The last compound presumably must have been formed by 
a 1:4-elimination process from 3H-heptafluorocyc/ohexa-1:4-diene (VII), though this 
intermediate was not found in the product formed under the reaction conditions 
employed. Neither hexafluorobenzene nor the 4H:5H-olefin (VIII), which gives it by 
a 1:2-elimination, could be detected in the sample of the starting material (VI) used. 

lhe sixth product (b.p. 90°) of the reaction of the nonafluorides (I and II) with 
octafluorocyclohexene which gave a dichloro-addition product, 
and had an infra-red spectrum’ suggesting the presence of a CF=-CF group. This 


1 | he production of a new hexafluoroadipic acid upon oxidation 


alkali was another 


was conthrmec 
Devradation of this C,-acid with alkaline permanganate afforded difluoromalonic 

as 3H:4H-hex ifluoroadipic acid 
(IX). and thence of U riginal olefin a 5H-octafluoro ohex-l-ene (VIII) 
The latter u > wa I by dehydrofluorination, which proceeded only 


two products. the 1H-1:4-diene (II1) and hex 


acid. This established the structure of 


slowly but aflorded 
STRUCTI EF THE NONAPLUOROC YCLOHEXANES 


The dehvydr 
and (1 


elimi 


potn of the nonafluoro yhexanes (I and 
ly. ne mono-olefins (VI and VIII) also : . 
and 4H/5H-octafluorocyc/ohex-l-ene qualitative 


nonal a 11) 


isomers. Obvious 
were, respecrivelry, 


comparison of the rate dehvydrofluorinati 


indicated that the isomer (11) (b.p. 101°) reacted more readily under mild conditions 
to give the two mono-olefins (VI and VIII) than did the isomer (I). It was assumed 
therefore that the former (II) had a 4Ha-structure, and the latter (1) a 4He-structure. 

Confirmation of these configurations was provided by further fluorination of the 
nonafluorides (I and II) using cobaltic fluoride. The experimental details of these 
reactions are described in the previous paper®. The isomer (I) gave 3 decafluorocyclo- 
hexanes which have been shown by independent studies* to possess the 1Ha/2Ha 


= 
Vol. 
ene. 
1958 
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ation process¢ H:2H:3H-n fluoric ould e the 4H:5H-olefin (VIII) 
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(b.p. 70°), the 1Ha/3He (b.p. 78°) and the | Ha:4He; (b.p. 86°) structures. The isomer 
(11) likewise gave the known® | Ha/2Ha, | Ha:3Ha/ (b.p. 89°), and 1Ha/4Ha (b.p. 78°) 
decafluorides. Hence, the two parent compounds investigated in this paper are 
}Ha:4He/2Ha- (1) and (Il). The two inde- 
pendent studies of the decafluoride and the nonafluoride series have thus been related 


the structural assignments in each being supported by those in the other 


stereochemical allocations has also been obtained 


lefin (VIIL) enabled a synthesis to be effected of the 


nent 


I readl 
rer 
yaroue pro 


vexene (VIII) 
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nt and ca. 5 per cent o e origi polyfluoride mixture 
eee Ihe 1H:4H/2H er gave peak no. 7 in the t e of gas chromatograp esults 
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Fluorocyc/ohexanes—IIl 


chromatography column® (16 ft long x 3cm dia., dinonyl phthalate/kieselguhr 1 

temp. 80°, N, flow rate 10 I/hr), followed by distillation of each fraction in vacuo, 
afforded respectively: (i) 1H-heptafluorocyclohexa-1:4-diene (0-18 g), b.p. 66°5-67-0"," 
ny; 1:3275 (Found: C, 35-1; H, Calc. for CgHF,: C, 35-0; H, 05%); (ii) 
heptafluorocyclohexa-1:3-diene (1-37 g), b.p. 71:5-72°5°, ny 1:3400 (Found: C, 34-7; 


H, 0-4°.): (iti) heptafluorocyclohexa-1:3-diene (0-51 g), b.p. 76°, mp 1°3383 (Found: 
H, 0-7°,); (iv) hexafluorobenzene (0-46 g), b.p. 80°, mj 1:3746 (Found: C, 
C, 38-7: F, (v) 3H/4H-octafluorocyclohex-1- 
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A. R B Disch. Chem. Ges. 17, 2988 (1884): R. C. Elde Vol. Il 
S R ha id P { A 9, 259 (1939 
4 me lr Pr Ind. Acad. § \ 34, 18 1951) 
dJ. Anderson J. Amer. Chem. S 60, 1418 (1938) 
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: 
\4 
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‘ 
CC vi 
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34. 


Synthesis of benzo—furan derivatives 


The o-hydroxy phenyl acetaldehyde derivatives required for tl 


prepared from the corresponding o-hydroxy allyl compour 
the better one > ozonolysis of the 


bond is Val pertorn 


ozonolysi ACESS Zone in 
it was [ou 
ed allyl compoun 
corresponding propyl compound) at 


could not, tl erefore, be obtained pure an characterised 


derivative. It was directly used for cyclisation in tl 1eXt step givin 


R. Seshads | ‘ 4 13, 404 (1941) 
W. Baker a 

B. Limay 
B. L. Manjuna 
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ie present work 


ids by two well- 


allyl compound. 


ed [or 

ne double- 
ncomplete 

to the 
acetaldehyde 
by forming a 


1 good yield ol 


Alternatively the allyl double acid and the 
sul periodic acid. Cyclisation of the 
a icetaldehydes have bee ost successfull ccomplished by mea of hot o-phos 
pl ric ric as $ sOivent tie reac ) 
4 In the prese eth required 
Vol. 
el y re vil ) e | ed on 
1958 
the e (VIII eede fact ly in 
) ( ‘ ti ol 
vic t \ 
1x R R H 
In order to te Of ethod for ft p ro 
‘ 
Havone unit the Of Karat (XIV) was next {tel ted Karan whicn 
OCCU i IS OTIC C ul ( ivones Its con- 
stitution was esta ed by Limaye ind by Manjunath ef ind later it was 
synthesised by Seshad cia irom 3 thox hydroxy flavone-s dehyde (XI) 
| Por VIecids Atte i number ol iis tne course ¢ the prese! york the most 
suitabdie solvent for ozonolysis of the requil ed intermediate 7 ydroxy-&- 
allyl flavone (XII) was found to be formic acid. The main difficulty in this case was 
pound in the usual s ents . 
1 to De avoided since the |] 
iyvS Saler to leave the react 
(reagquced, in the suodsequ 
stave The intermediat 7 
. 72, 93 (1939) 


Lo. karaniin (XIV). Experiments using the more soluble acetate of the allyl flavone led 3 
Be soft ozonolysis case, the second route is a 
V 
\ (NVI) i 
n \Vill 
" 
> 
The synthesis of the related ple 2-met o-—chromone (XX1) ext 
L. RR Res. AS, 754 
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occurring but is synthesised earlie the Kostanecki acetylation of karan 
} 


ketone by Manju ) @ - Ozonol of the o- 


formic acid and 


CUULLU 


soluble 


-. ME cyclisation of the resulting 8-acetaldehyde (XX) (characterised as the 
4-dinitropl enyl hydraz ielded the tura cnro Tie (XX1) \ atte pit Was 
2 
-— n to prepa 1 authentic sample of it starting from the readily available 2- 
met yl metno varoxyv chromo! ide ae { KX X11) ind IOV the brom- 
——— acetic ester method The hydroxy aldehyde (XXII ive the corresponding car- 
a i bethoxy met ether (XXIII) when heated th bri cetic ester and potassium 
} 
gro.’ roup in the comp wo me ihe sudstance 
Vol ether (XXII1) cvyclised to the furan-§ b c acid (XXIV) by: s of sodium 
Ol. 
? ! Dx DON if ) ne oppe 
1958 puwes ‘ 
substar pure prod | be ts ( ed authentx 
r) oft the ny X ide Ka etone 
R 
COD 
x & H- R H R OOH 
x & cr R 
EXPERIMENTAI 
(VI1) \ solution of ethoxy 
(a) rec ered } oD ine ‘ 
‘ 1 
} COL ( a Gg ac °4- 
linitroy lates p. 132-3°C. Found: C, 
$7-0: 5-0. Calc. for C,,H.O,N H, 5-0 
| 
; Refluxing the mixture for a lo er time did not prove tne eld of the partial 
allvi ether, more ot t dgdiallyl ether Db ed 
martial allvl ether (3 
:4- Dil 3-0 ethoxy acetophenone (VIM). The partial allyl ether (3 g 
underwent Oot ratio! ACpt 4 r al YU | ager I 
pressure The 1 rrated product | r) solated as the sodium carbonate 
It crystallised trot giiute aiconol aS 10 eeaiess melting at 
4 
B.L.M Ber. D 2. 
S K. A iT. R.S I. 
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al C, 64-9: H 
(IX) \ sl 
= 
7 
4 : 
fl XI) « 
ry ry 
‘ 
| 
| (Found: C, 588; H 
ye ( ition XH ara XIV). A n of the above aldehyde (fi 
was d d the solution iphed on a column ol 
4 
: ha activated alumi . . Elution of the colu th benzene and evaporation of 
the solvent yielded karanjin (O-2 g), colourless needies from methanol, m.p. 15/-8 
oe ae alone or when mixed with a sar pie obtained from Pongamia glabra ‘ 
D. Cong 8 (19 N.V.S. Rao, J. V. Rao and T. R. Seshadri / 
Ind. Acad. Sci. A 
ae 
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ciuli of the alun col ; | OX V-d- 
H, It te crystal 
Wis 
Vol. 
2 
| { | () 
‘ 
> ay 
( \ ( 
a4 , 
(XVI ed (Found: + om 
H, 5 
; | { j j Ole 
j j j ; 
(XVI.b solution of 3-meth et ed acetoxy-8-ally ivone 
‘ tr tad A viet. de (20 cx { 
oO ( CC) is eater \ C 
The mixt kept at 40°C for . ind then « Te the 
clear a yy th chloroform, washing the extract with aqueous sodiu 
S.S. Chit K. Muke Py i A 47, $7) 
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is Was dissolved in methanol 


bicarbonate and evaporati a glassy solid 
(10 cc). the solutior us potassiun 10 ) and the 
mixture warm (tf vdrochloric acid 
he diol (0-4 n hol ale yellow 1 225-6 


yielded ti 


R. Angsa, S. K. Muxkersee and T. R. SesHapri + 
(Found: C, 62:5: H. 4-8. Calc. for C.,H,.O.: C, 62:2: H, 4 
iormic acid (iUU0cc) wa equent cal Lik dgrogenauo of tne 
o7onide yicided the ( a il tropnenyi 
\ydrazone came clust s, m.p. 249-50 (Found: ¢ 
52°8; H, 3-7. C,H, H 
2-Methyi-3 H de alde 
4 hyde (irom O-5 ¢ of the t | c acid (10 cc) at 100° for Ve 
« , 
furanocht e (0-2 153-4 1 
— 
aldehyde'* (XXII) (1-0 e (75 cc) ethy! bromoacetate 
} ther 
(2°) CC) was re ed Siu ) } | was the 
ltered ‘ ct CU 4 CU | 4 | U 
wasned wil petro I ec ) ) ec tallisation 
aicon t wa ed ) | ( e or wht 
mixed i sSampk ‘ eq DY KC 
é Vii XXIV) \ mixture ol 
the adove carvdel Vi Cure ane Od! } 
in apso te alice (Occ) \ it it root! ne! 
ture Gul ch time t 4 | ed to ac 1) ( 
‘ and treating the mixture with dry et precipitated diut ilts which were the 
iin water nd a 110.5 o) rn ted 
UISSOTVCU Walt Cid CU Ci SC Dar 
as a vellow sond Cu e iro i as y \ ! 1) (d.) 
(Found: C. 57-5: H, 4:3. Calc. for 57-5: H, 41°) 
>» K 9.4 
SR RS j 9 
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SYNTHESE DES IMMUNSPEZIFISCHEN, POLY PEPTID- 
ARTIGEN HAPTENS DER ANTHRAX-SUBTILIS BACILLEN- 
GRUPPE. EIN SYNTHETISCHER BEWEIS DER KONSTITU- 


TION DER NATURLICHEN POLYGLUTAMINSAUREN* 


H. Nacy und J. WEIN 


Zusammenfassung | 
! 


Abstract 


The syntl 
po ypeptide 
respect 
reaction 


found to pro 


peptide chains compo ts of both the L- and the D-fo 
The synthesis of rlutamic acid (=anthrax polypeptide) represents the first al synthesis 


of a natural hapten 


* Vorladufige Mitteilunge 210 (1955): 42. 463 (1955): 44, 89 (1957) 


ag |. 2. pp. 2 240. Pergamon Press Lt Lo 
V. Bruckner. M. KastaAr, J. KovAOS, 
’ (ore ( emisc | Universitat Budapest 
Vol. CR. 
1958 eS Poly-p-glutamin- 
Als Schliisselsubst Synt Lic G es 1) de 
| | | | ) Start bzw 
Glut S D P der bifunk- 
tionellen Start B é P nethy i] ents 
prechenden K erlei W Ak er Carbs 
Dialyse gere 
ae Der chemisch« id Prof. G. I chgefiihrte s sche Vergleich de Pol 
Se eo tan juren ve K oO! em A P tid und dem Subtilis-Polypep 
tid brachte n be Ab chyge en Ke 
mittlur Bewe \ x-P eK on de P nsaure 
ni Poly en P iure mit 
Antiar P tionsreak eigte, ist ¢ { ss in det 
Peptidketten des P Glut erge fte 
Durch die Synt P e | Ar peptid) wv de ersten Ma 
die Volisynthese eines 1 Haptens verwirklicht 
4 ila) poly elut c acid (IIIb) and oly-giutamic 
: Ihe syntheses s ed { dimethy ’ yl-g te of either the fo la) or the 
dipeptides to ne p nates (II) of e respective yn has been effected by 
cl tion ecithc i tne ¢ DO’ ) of the I no ere iitogether nt The 
for f its copper (11) salt—w purifie fter foregoing demetalation by caref conducted dialysis : 
etic stereoisomers of +-poly-glutamic acid have then been compared with the anthrax 
nd subtilis polypeptide. The poly tamic acid proved to be identical in any 
he anth X polypeptide, and was Tound (ody P of. G I\ inovics) to give a precipitation 
ant t! x horse immune serun Since the meso poly rlutamic acid was likewise 1 
ee ( D nitate in this reaction it appears that the subtilis polypeptide may contain 
211 


KNER, M. KastraAr, J. KovAcs, H. Nacy und J. Wein 


PROBLEMSTELLUNG 
liber die Isolierung der immun- 


dass diese 


‘ 


ZUR 


iben Ivanovics und Bruckner! 
berichtet und gezel 
Izsauren Hydrolyse in 


Vor geraumer Ze 
ler Milzbrandbacillenkapse! 


spezifischen Substanz de 
es Polypeptid darstellt. d 


Substanz ein biuretnegati 
siiure-hydrochlorid liefert. Gleic 


hzeitig wurde auch 
(7. B 


rboden 


rax Polypeptid (APP 


gefunden, dass verschiedene grampositive, aérobe, mesophile 
B. subtilis, friiher als B bezeichnet) eine Substanz in ihren 
ae Kapselsubstanz der Milzbrandbacillen (B. anthracis) identisch zu sein. Es sollen im 
3 
ae Spatere Untersuchunge! haben den strengen Beweis erbracht, dass beide Poly 
peptide nul is Gilul nsaurereste aufgebau gd, d.l nonotone Polypeptide Ve 
eS (Sie O cine Optisc el oOly-D saure) egen sche das 
SI | UdS aus UGC yal OUC uC it Git | Cid 
siiurereste zu enthalten.® | st wurd efunden,® dass das Mengenverhiiltnis 
desselben B nes al d die Menge der eingebaut i-Gsiutami 
(sel tan L-Gslutal suureresic erwi ish Isc ic 
gep Hingege ch de irs] Ve 
ge nbare SPP ne ede te sel che Reah aulwel e d 
ot a APP: Die | ler Polypeptide zeigen mit Antianthrax-Immunseren bis zu 
dac APP und 
lichen Verfahren’ gx ce) SPP nunspe ches Hapten (Halbantis de! 
Anthrax-S sB pp 
aa Aus den | " ezicllen Abba dem d APP und das SPP 
worfen wurde, } dat Polypeptide »-P 
stiuren (III) darste Die keit dieser Aussage wurde 
un eines D-A eh Weis fur di 
d leristis Abbauproduh 1) nobutters e(l 
< Fee: Form ihres Dit vihrend « die +-Glutamylbind 
91 
M.I B 145, 4 G.1 6, 42 
V. Bruck G.1 M. K O 45 V. Bruch 
ris. 80 M Univ. 6 6, 104 
IK V. Bruck 5.194 $2 V. Bruck J. Kova 
und H. N 48 V. Bruck H.N 
9, Bruck Kov G. D 172, SO8 (195 V. Bruck 
IK 40, 24 V. Bruch J. K I. K d 
G. Dénes Hu { ( $5 
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teristische Abbauprodukt, die /-Formylpropionsaure weder praparativ (z.B. als 
p-Nitrophenylhydrazon), noch chromatographisch nachgewiesen werden konnte.®-9 

konnte auch ein direkter Beweis fiir die Brauchbarkeit des konstitutions- 
ermittelnden Abbaus geliefert werden, und zwar an Hand des synthetisch zuging- 
lichen!” der dadurch gekennzeichnet ist, dass 
sich in seiner Peptidkette «- und y-Glutamylbindungen laufend abwechseln. Hier 
konnten in der Tat beide erwarteten 


Fiir die Konstitutionsermittlung des 


dass sich die synthetischen «-Poly-glutar 


A bbaus. sondern auch in ihren | 


te 
te sicn 


auch 
\usser 
hese det 
tereoiso- 


siure (IIIc) 


Peptidkette 


MEINER WEG DER SYNTHESEN 


} 


to 


fgezal ite rel tere merel viutaminsauren 
sich folgenderma n l ital l-glutaminsaure-%x - 


estel (1) des recnen | te! l ne al I SLeTCOISO- 


Dipeptidderiv: te en in yendem al p-p-Startdi- 


ktionellen 
inogruppe 
intermole- 
kularen Polvacvlierung unterworfen. Diese Umsetzung wurde in méglichst konzen- 


triertester L6sung bewirkt, um die Wahrscheinlichkeit der Bildung von cyc/oPeptiden 


1K. Kovacs é > 5 ru er yvacs und K. Kovacs 
K. Kovacs, 
Chem. 309, 


Biochemical 
J. Chem. S y (1950) 
Chim. 6, 219 (1955): vorlaufige Mitt 
Naturw ‘ aft (1954) 
** V. Bruckner ein agy. M. Kajtar und J. Kovacs Naturwissenschaften 42 210 (1955) 
“S. G. Waley , oc. 520 (1955) Chem. & Ind. (Rev.) 1148 (1954) 


— 
4 
APP's und des SPP’s war es ausschlaggebend, 
insiuren nicht nur durch das Ergebnis ihres 
spezicllen venschaften (d.h. sehr schlechte Léslichkeit 
in Wasser, positive Biuretreaktion, Racemisierung in alkalis Lésung, keine 
serologische Reaktion) vom APP bzw. SPP sehr charakteristisch unterschieden. Es 
j ni nad istarhaitern »p q 
Vol. Wa SOT Aussage Hanby und N CILC Gass Na nie das API 
2 vorwiegend (dasjenige urspriinglicher Isolier rsart* sogar ausschiiesslich nur) a- 
1958 Glut indungen enthielte, widerlegt worde! 
el ten Sc! des Konstitution \ ir wetzta e Synthese ae APP ». 
d.h. der v-Poly-p-glutaminsaure (IIlb) durchgefuhrt dem der ¢ besten geeignete 
Weg vorerst der 1ufgesucht wure Glew eilig mit den letztgenannten 
: Vorarbeiten und unab ig von uns iuch Waley™ die Synthese der y-Poly-L- 
gluta ire (III irklicht. Als Scl selsubstanz der Synthese bedien 
Wale d elbe Dipeptidderiy if Wie Wi nten L-L-Startdipeptid | 
W der tb u ae el terel DrinZipie rents vleichel W eve ein escl lage 
det Poly-gluti nsiure der D- und der L-Reithe haben wir auch die Syr 
: -Poly-( lutan iminsdure) erwirklicht Diese! Typ det 
mere! Poly-glut siiuren, der schlechthi Poly-clutami 
bezeichnet werden kann, ist dadurch gekennzeichnet, dass sich in seiner 7! 
L- und p-v-Glutal este laufend abwechsell Dieses Produkt war besonders zum 
Vergleich mit dem SPP bestimmt 
G 
gesil iitete 
dime th 
meren 
* J. Kovacs. V. Bruckner : 
th 1812 (195 
V. Bruck K. K 
Kovac dA.K i 
V. Bruckner, M. Szekerk 
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7u vern ndert ormai petriac tet Gurite angenommel era in Po yesicl dic 
endstindige Carb \ er aktivierten Form vorliegt 
(vel. z.B. die Fo XVI, XXI und XXX), d d Laufe der Herstell 
sim 
> 
Ve 
; 
: 
Mis 
\\ ( 1\ 
Cart Vil) gekoppelt. Das 
om 
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durch wiederholtes Umkristallisieren nicht vollstandig entfernen liess. Diese Beobach- 
fiir das vollkommen analog at iu | dukt 


stent } rensatzZ Zi 


tung. die selbstredend 


dass bei det 


Vil des 1 


kristallisicerende¢ 


a 
215 
zustimmt,”? zu der Beobachtung von der dariiber 
berichtete, msetzung des L-Siureazids it de ester VI zum : 
Derivalt artdipeptids das strukturtsomere L-L-De IX nk tent- 
steht bzw. im kristallin anfallenden Umsetzungsprodukt nx ‘ de! 
erw ngen Ve ‘ rung des Produktes VII } te die S 
yy Produktes VII Met Lé mit D ) 
| Mi 
Vol. Die H Pd-Tier! M D Vill 
2 G 
p-p-S | 
‘ die B \ x! 
"wae R "wae 
K rist er d roch d Val 
er | \ 
ka dass d fiir « -p-Startd 
dx lerte W d S i der 
bestand aus der | des aus d ( ob ‘ dG d 
(IV) frisch bereitet Azids (\ -Glutan re ylest Vi in 
arbopdenZoxy D-giuta De! tel Vil thche Zwi- 
Ver bindunge! 


V. Bauckxner, M. Kart Kovacs, H. Naocy und J. Wer 


UMSETZUNG DER STEREOISOMEREN STARTDIPEPTIDE Zt 
POLY-GLUTAMINSAURE-a-METHYLESTERN (Il) DEN 
ENTSPRECHENDEN STEREOISOMEREN FORMEN 


4 
= 
Die zum Polvester (Il) fuhrende intermolekulare Polvacvlierung der bifunk 
u ‘ cakuionsi eren (s ppe icicht Dewirk! erde! Diese Aktivierung, dic 
( tet und dies 
V 
1) Li er Me ‘ B ( 
] 
ie Zusat Pd-Tierkohk Hydrogen nterworfen. Diese wurde nicht in 
d Was id fu Die CO.-Abgabe, die in 
7) Seas entweichenden G de, kam bei | M rum Stillstand, ein Zeicher 
te P des ndenen bifunktionellen Derivats XV einsetzt 
XVI). | de \ dern, wurde—nachdem die CO 
Abgal 6M ktisch beend das Reaktionsgemisch nacl 
Z de « t (60°). Es is ehmen, dass 
d chte A X\ r d \ ppe des .-L-Startdipeptids 
Wi ch dies orzeitige Abbruch de 
\ d produkt (XVI) auc Kon 
CH.CH HN A HiCH HNCHICH.) 
¥ HN A H nfH_N A ( CH 
4" 
at R. A.B 34, 874 


beweis der konstitution der natirlichen polyglutaminsduren 


ridbildung aus ei 


Beobachtung von Boissonnas und Schuman.'’ dass die 
vem Carbonsaureanion und Chlorameisensiureester durch 
von freien An ppen | ese beeint h- 
erorterte Vert Cl ereiniacnel ndaen 


rclinde erwarmt d (XV —> XVI). Es ist zu bemerke 


A } HNCH H 
> + J A ( S 
Acet 
x xX 
xX 
cj 
{ 582, 218 
1564 R.A. B ) ( P H 
37 


Ein synthetischer | 7 
Ausgehend von det 
Esteranhyd 
die gleichzeitige Anwese 
die voriibergehende Blockierung der Aminogruppe des L-L-Startdipeptids (la XII) 
ror | ing de re! | erst t | M | vViamill nd 
Mol. Chlorameisensiureiithylester versetzt (la—> XV) und dann—nach Zusatz eines 
Pa gass Cl \ pier ac Lésungsn del Polveste In Wassel Oslhic CT Form 
rcwonnel urde und revel ert werdel | Lin die 
Vol. Wahrscheinlichkeit der N-Carbalkoxylic in der zweiten Reaktionsphase zu 
1958 der Isopropylester angewant,'* zugleich wurde r der Reaktion die Dimethyl- 
formamid-Lésung des L-L-Startdipeptids (Ic) d eine azeotrope Destillation mit 
| Toluol entwiissert. Die Bildung des Polyesters (XVII ef auch hier glatt, doc 
= reTul au P al 1) 4 Poly re in 
ay (2) Die Methode, die von der P Polypeptidsynthe n Wieland ; 
Eve L-p-Startdipeptids (XII la, It | er das gemischte Anhydrid XIII mit 
Thioph m Thiop! XVIII umgesetzt und aus diesem mit Eisessig 
Bromwasserstoff?’ das H omid des Startdipeptid-thioy | XIX) 
ber Wird de \ Aceton-Lésung freigesetzt 
so erleidet das | | Produkt XX ir Bildung des Polyesters XXI 
fuhrende intermoleku P erung, die durch Er en gefGrdert werden kann 
HCH HN A Cc 
AV 
HE 
Ej 
xix 
nXX 
R. A.B if 
W H. B 
An ( 74, 676 (1 
Th. W H. Be d 
D.B I ,.B J 
Chim. Acta 35, 224 $2 R 
We 
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(3) Die dritte Methode beruhte auf einer Methode, die zuerst Sheehan und Hess*! 
bei der Synthese von Di- und Tripeptiden angewandt haben Wie bekannt, lasst sich 
nach diesem Verfahren z.B. ein Dipeptid derart herstellen dass eine Aminosaure mit 
geschiitzter (z.B. acylierter) Aminogruppe (XXII) und ein Aminosaureestet (XXIII) 
mit Hilfe von Dicyclohexyicarbodiimid (XXIV) kondensiert wird. Die Reaktion 

-riiuft in Lésung schon bei Raumtemperatur, wobei neben dem Dipeptidderivat 
(XXV) als Beiprodukt Dicyc/ohexylharnstol (XXVI) entsteht 
AcHNCHRCOOH H.NCHR’COOC.H 
xx XXIV 
AcNHCHRCO HNCHR’‘COOC.H (C.H,,.NH),CO 


xx XXVI 


C.H,..NH C.H..NH NC_H 
HN A “OOH 
x x VI x xX VII 
CHRNHAc 
D QO A NH 
Man konnte ve uten. dass sich diese \ ¢ einer ¢€ en Peptidbin 
ul dic ende Me ac | ( ul adil 
pe ds (1) LSM 4 aie ire \ ) Cs 


nuk nhilen Stickstoflatoms die Entst ung des reaktl ranige Zwischenpro 


eopnilc 
duktes (XXVIIb) nicht in entscheidendem Mass verhindert. Eine derartige Kor 
Lurrenzreaktion wiirde nimlich zur Bildung eines vermutlich stabilen Guanidin 
derivates (XXVIID fiihren und somit einen giinzlichen bzw. vorzeitigen Abbruch des 
intermolekularen Polyacylicrungsvorganges mit sic ingel 

Nun zeigten Modellversuche, die mit Di exvicarbodiimid und verschiedene! 
prin iren Aminen durc elu irdet dass d Bild 4 ( id ley te! 
unter ac Versuchs ( die bei der Po auc on derS tdipeptide 
(| ewand ac unten), Kal ( Dies best C 
Versuche. die mit dem L-L- 0ZW D-bD Startdipept d (la bzw. Ib) selbst durc rerunrt 


rLaipey] 


Poly -I 


ester (IIb). 


on 
ender Wirkune les yhexvicarbod ads (ur indere 
Carb e) konnte K fklare Es le Ak erung der 
schon seiost seme Acvigruppe aul An movruppen ven 
4 
' 
% 
wurcaen iOst man in del Dimetl imid-Li Uc iS LI 
hexvicarbodumid (XXIV so eriols ei Rau eratur schon nac einige 
| he Minutet s Zeichen einer Polyautokondensatio die kristalline Ausscheidung vo 
Dicyclohexytharnstoff (XXVI) 
nH.N [HN A CO] SH NH).CO 
A 
{ wie oe 
XVill) 
Das Filtrat enthielt den ethylester (Ila) bzw. den y-Poly- 
H.G.K ina & Ind. (Rev.) 1087 
is 4 
ae 
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Es sei hier bemerkt, dass die Carbodiimid-Methode zur Herstellung von monotonen 
Polypeptiden das erste Mal an Hand der Synthese der xy-Poly-glutaminsaure erprobt 
wurde.!° 
(4) Die vierte Methode wurde aus der Polypeptidsynthese von Noguchi und 


Hayakawa™ entwickelt. Nach dem urspringlichen Verfahren der japanischen 


Forscher wird ein Oligopeptidester zuerst mit CI 1loameisensdure-phenylester 


(CICOSC,H,) zum N-Carbothiophenylderivat umgesetzt, dann die Estergruppe sauer 


verseift und zum Schluss die Benzol-Pyridin Lésung des N-( 
tids (XXIX) erwairmt, wobei die Bildung des Polypey 
yon Kohlendioxyd id | vor sich gel W 
um die Aktivierung der Aminogruppe; det 

sich folgend formulieren 


xxix 
Formal betrachtet bildet sic! 
carbothiophenyliert 
alkalischen Eingriff zu 
Vory 

gruppe mi 


gemischtes Anhydrid 


LQ 


Benzol-Pyridin-Lésung dieser Subst 
Ausscheidung eine hmolekularet 


analytischen Daten den v-Poly-L-glutam 


1u 


XXXI sind 
(XXXIIT) 


XXX) unter Abspaltung 
— inn handelt es sich hier : 
d fuhrende Umsatz lasst 
Oo 
Vol. 
2 C,H,S—C--HN--A--CO-—[HN--A—CO],,OH + mCO 
mC S 
1958 C.H,SH 
AAA 
‘, hier ein Polypeptid, dessen (endstandige) Aminogruppe 
loch konne e Gruppen schon durch einen milden 
Aminogruppen regeneriert werde! 
in Gegenwart yn Triat imin auch eine Carboxyl- 
isaurephenylester iktivierbar’’ 1st obei zunidchst ein 
vom yp XXXI entste diirfte. Es war somit zu erwarten, 
dass sich das Verfahren von Noguchi und H AK 1 unmittelbar auf das Startdipeptid 
; (1) iibertragen liesse, dass also beim Umsatz des Startdipeptids mit Chlorthioameisen- 
siure-phenylester in Gegenwart von [ri lamin ausser dem N-Carbothiophenyl- 
Startdipeptid (XXIX; A wie bei XVIII) auch das gemischte Anhydrid XXXII 
entstehen kann, das—ebenso wie das otnhiophenyl-startdipeptid (XXX) ; 
O 
C—SC,.H 
xx xX! xX XI! 
einer intermolekularen Polyacylierung wire. Versuche, die mit dem L-L-Start- 
dipeptid (la) durchgefiihrt wurden, zeigtet folgendes: wird eine Suspension 
des L-L-Startdipeptids eiskalten rial rem ¢ rotor mit eine! 
i 
nanezu lek u are Menge on ¢ meisensaurephenylester versetzt 
und das Gemisch geschuttelt, so gel Cin ¢ leil des angese Lc Startaipep- 
tids unter Selbsterwarmung des Gemusches ort in Lésun: Aus der LOsung lass 
sich ein farbloses Produkt (“‘primidres | etzungsprodukt ) tsolieren wird die 
nZ erwal t (YU) so erfolget allmahlich die 
Substanz, die nach thren Eigenschaften und ; 
)Saure-x-methylester (Ila) darstellt 
Da das labile primare kt’, di uneinne einwanatirel 
nicht def de ne he K er sic ¢ Db en Reaktionen mit 
weiteren Untersuc el ibe e spate ) erde I Weillen_se: 
bemerkt, d \ el verwickelt chte A de des Typs 
namlich nicht fasser ‘ sofort nacl er Entstel i Carbonsaureat ide 
2 
J. Noguchi und T. Hayaka J. Amer. Ci 76, 284 54) 
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ner lass diese Umlage 


XXXI-+ XXXII XXXIV 
2RCO,COSC,H, -- (RCO),O [(C,H,SCO),O] 
XXX! xx x KIV 


ing mit einer Disproportionierung verbunden ist 


1 XXXIV, dessen Existenzfahigke 
Z 


R ABBAU DES SYNTHETISCHEN 
AMINSAURI METHYLESTERS 


tM 


POLY-GLUTAMINSAURI|]H 
NDEN POLYESTERN 


yl- und Aminogruppet 


di n synthetischen Polvyestes h blockiert vorliegen dirften 


eigesc werde 
(z.B. XVI, XXX), doc t eine Regenerierung von Aminogruppen, die im Laufe 
des dritten Verfahrens Gu lingruppen (Typ XXVIII) etwa anteilig geworden sind 


AaUun 


Di Weise gewonnener Poly-glutamu 


sduren, d.! ninsdiure (Illa) ¥-D-glutaminsdure (IIIb) und die 


B 
W 
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imiagern. Es ist anzunch 
die im Sinne der Gleichu 
: 
Das bishe bekannte An t sehr ftraglich erscheint, durfte 
inch A pp fi x) nd Thiophenol ein 
en Mex s seiner msetzung zum Polveste iia) mache Kant 
a Als Ergiinzung 1 der yben erérterten vier Methoden sei nochmals darauf Nays 
ingewiesen, dass unabhir yn uns auch Waley'' die Synthese des L-L-Startdipep 
tids (la) verwirklicht Es rde vor n auch eme Polyautokondensation des 
L-L-Startaipepuds Pr ita ire-z%-mel Ste ) durcl reTunrt. und 
“Ge zwar mit Hilfe von Tetraithylpyrophosphit, d ch einer Methode, die zuerst von Ve 
Anders 1 Peptlidsy! esel erange vurde. t zu bemerken. dass 
cic Poly lami Illa die Waley dure Verseifung des Polyesters 
rewont t, 0,6°,, lenen Phosphor enthalt. Wir haben das Verfahren genau 
! eprod ert und fund es er befried d ist. ; die Methoden |-—4 A 
4 Es sei noch bemerkt, dass bisher weder iiber die Synthese des p-p-Startdipeptids , 
eo Ib) und L-p-Startdipeptids (Ic och uber deren Polyautokondensation berichtet hat 
VERGLEICHENDEI 
Um eimen entsprechenden Vergleich mit dem mififethanol veresterten APP und % 
iure el lester (Ila) mit fluis em An entsprechende Polyamid 
; (Hl R NH att R OCH mgewandelt, dann dieses dem Hofma sche 
it Konnte ein n es Nitropher ydrazons 1isoliert 
: verael | ir die x-Glut pindu!l iraktle stische Abbau 
produkt 1) nac Wie bekannt Kam mal 
bein eichen ADt ce l APP oder SPP hergestellten Polymethylesters zu 
: demselben Ergelt Beweis des Vorherrschens det Gilutamylbindungen 
FNTSPRECHI 
' Es wurde bereits erw nt, dass zwecks Herstellung der freien Polysiuren die auf 
erscnicacne Weg Wo enc Polyester alkaliscl verseiltt und die Polysduret 
: ibe! re schwerlos n Kupfer(Il e wurde! Man kann damit rechnen, 
ind J. Kovacs Hu icta Chim. 12, 363 (1957) 
2G \ 1A. D. Welcher J. Amer. Che Soc. 74, $309 (1952 
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mesoide y-Poly-glutaminsaure (IIIc), stellen schneeweisse, flaumartige Produkte dar, 
die in Wasser sehr leicht léslich sind; sie zeigen keine Biuretreaktion und ihre 
Ninhydrinreaktion ist im Vergleich zur y-L-Glutamyl-L-glutaminsdéure nur sehr 
schwach positiv (quantitative Angaben s. im Versuchsteil). All diese Eigenschaften 
kommen auch dem APP und SPP zu 

Es drangt sich hier die Frage auf, ob die alkalische Verseifung det y-Poly-glutamin- 
sdure-x-methylester etwa nicht von einer innermolekularen, partiellen «—> y-Trans- 
peptidierung begleitet wird. Battersby und Robinson*® haben namlich gefunden, dass 
die alkalische Verseifung des Athylesters des N Acetyl-diglycyl-x-L-glutamyl-glycin- 
hexylamids (Teilformel: XXXV) mit einer weitgehenden « » y- Transpeptidierung 
(und vollstandigen Racemisierung) verbunden ist, so dass ein Gemisch der struk- 


turisomeren Peptide XXXVII und XXXVIII entsteht, in welchem das Derivat mit 


-Glutamylbindung (XXXVII) sogar vorherrscht Dieser Vorgang liasst sich so 
deuten, dass durch einen tiberginglichen Ringsc uss ein 2:6-Diketopiperidinderivat 
(XXXVI) entsteht. welche als sekundires Siure d n Zz verschiedenen 


Stellen eine hydrolytische Ringsprengung (XXXVII XXXVI XXXVIII) erleidet 


© O 
ba 
R—HNCH INCH N—O 
CH 
) H 4 
x x 
y 
R NH —C R—HNCH N—C R H—O 
+4 ( CH 4 
H 4 
XXXVI! x x xx 
Hierzu sei bemerkt, dass die innermolel ire Transpeptidierung von strukturisomeren 
Glutamylpeptiden (Typ XXXVII und XXXVIII) mit freier Carbox ruppe—aller- 
du ST t Hilfe er inderel Met ode | il I ‘ ( Ci tunrt 
wurde und zw in beiden Richtungen (x= 7). Dabei wurden d ntermedieren 
Rineverbindungen (Typ XXXVI) in kristi er For refasst und e (auf Ev kung 
von verdtinnter | re) in zwei Richtungen verlaufende hyd Ringdfinung 
(XXXVIIT<— XXXVI—> XXXVIII) streng bewiese1 
\.R.B 
K.M f 7 
LK K.M k V. Bruck \ / 41, 450 ‘4 H | Chin 


| 
4 
6, 
ise 


KOVACS 


ung nach unserer Erfahruns immer cin Gemisch 
Glutamylverbindung (X XXVIII) in rund ze acher Menge 
XXXVITI er\ t. rd ma tei roehenden 
\ 


XXXVI COOCH COOH 


| 
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Da nun bei dieser Trat = 
e Ketten (R und Q) chwinge mussel damit 
’ \ Poly ta sture ee 
XXX\V K folet und 
In (he Vok refunden, dass ein vor 
V 
. 
dige Hyd ift; d Dri gen ae 
d dic | i) he 
D 3.8 d der spez. D rt 
hre \ den (I des APP »3.5° betriigt 
Dix Beweis der optischer 
Reinheit des s da der spe Urehwe 
ig tar: fast unbeweg der St elle verbleiben. Zuve e Bestimmungen der Moleku ) 
Aminostickstoffwerten | Slyke) auf ihr durchschnittliches Molek rewicht 
ee ) lies | beim APP und SPP geschah. Die Aminostich 
gveschiossen, ebenso wie dics ‘ ind 
, 
stotiwerte unsere ninetiscne Endprodukte schwanktet vom Ausmass der Dialyse 
ay 
abnhat vend das M itecriail necis ta eschrankt werden mussic 
swischen 0.16 und 1,5°, (bei der mesoiden Polysiiure (IIIc) konnte wegen Material- 
a mangels bisher nur cin Priiparat vom Aminostickstoffwert 2,9 rewonnen werden) 
wiihrend dic Aminostickstoffwerte von APP und SPP Priparaten ursprunghicher 
Bricfliche M Dr. B. E. Vo The Weizn of Science, Rehovoth, Isracl vom 


Isolierungsart! eine ziemliche Konstanz (0,18—0,20 
der N-endstandigen 
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-Glutamylbindung 
ens im Falle 


) Zeigten 
die bei der 
Oligopeptiden 
die 


Infolge der Spaltung 

in Slyke-schen Bestimmung 

irde.”” sind die durchschnitt- 
let werden, 


Au 


smass 


van Slyke 0.64 


VERGLEICH DER STEREOISOMEREN POLY-GLUTAMINSAI 
DEM APP BZW. SPP AUF SEROLOGISCHEM 
Ivanovics (Mikrobiologi 

nen. stereoiso!l rer 
wortfen und in diese 


H. Sachs 


REN MIT 
WEG 

Herr Prof 

synthetiscl 


lat die 

unter- 

ntersucht, 
ind E. Brand 


ee : 
7792 
ey wahrscheinlich bis zur Irrealitit nach tieferen Werten hin verzerrt. Welches Ali seems 
diese Verzerrung erreichen kann, wird an anderer Stelle gezeigt. Trotzdem kann 
man aber aus den Aminostickstoff-werten der natirlichen Polyglutaminsduren ur- 
cinige!l issen absc orausgesetzt, G in Slyke’sche Bestin ung bel 
4 ird ‘ nac Ab 4 ac reiauy M CKU y cntes 
bei ce Nat irproduk deshalb ; ic pl List sind 
Vol Hingegen ist bei den p lispersen synthetische Produkten dieser \ rleich (es sel 
Ol. 
2 t eins ael 1¢ APP SPP) if tattnalt iT] da 
a durcns itt e Moleku Ke ax Gua la \ ng 
der ¢ elnen Komponent KCIn¢ reale W Wer yn der ; 
4 4 proqual (Amu Lick ert 0.2 M t 700K ¢ 
Dabei ist zu vermuten, dass das reale M ich etwa das Sechsfache 
Wir beabsic d ifreie Best des durchschnittlichen Molekular- 
Versuche mit ere \ Ziel die Ge ng on 
Poly-glutami yheren Mole} chtes und einer bessere Anna- 
| Crul ac Ho 
na iit ‘ | nea Lik nda at rte! viel 
Methoden der S$ es d uverlassigste 7 ezeichne st. da bei dieser Beurtet- ‘ 
lung die Grosse dec Moleku ewicht d | die Startdipeptide berechnete) 
\u pec ule und aic Reprodu ert ACil ‘ | ‘ Rec schatt 
rezogen werden | rdies ch die optische R heit chet % 
Endprodukte an grésseren Substanzproben nachgepriift werden. Nach den bisherigen 
Versuchsergebnisse! Labelle 2 rusa engel t sind cne¢ t die erste 
Methode ber Anwend von Chior re-i-propyiester—die gunstigste Zu 
sein (Ausbeute 9.5 iul das Startdipeptid berechnel Aminostickstoff nach 
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die ebenfalls in unserem Institut synthetisiert wurden. Uber diese Untersuchungen 


herichtet Herr Prof. Ivanovics selbst ausfiihrlich (s. im Anhang). Hier sei 
hervorechoben. dass mit Antianthrax-Immunseren Lésungen der y-Poly-p 
s APP’s bzw. des SPP’s his 


OS SOVIEC 
a. von 10° eine Priizipitationsreaktion zeigten, hingegen blieb diese Reaktion bei de oa 
Es ist somuit fest elie § tii ger svt Pi 
tamins d Ay ds iihe nme Auf G 
Betreffs der K des Sul 
— Prof. | P 
M 
M G 
| M ronfe 
| 


hewes der konstitut 


| Petrolather 


P.O. und Parafi 


: 
: 
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Trockensaugen mit 20 und schliesslich ber Nacht im 
Vakuumexsiccator iber aufbewahrt. Dieses Rohprodukt (3,6 g) 
wurde erst aus 60 mi emes gieichteiligen Cr hes von Benz ind Petrolather 
a imkrist siert (Schmp. 124-120 Nac nma m Umkrist icren dieses Pro- 
ac 2 tf 4 a | Cine nel Sul tan on mp 
Be 8.85 H 5,7 N § CH,O 11,7 
Get ( ) 1) Hi ] 
H Glut (XTX 
q 
‘ j j Die \ 
H 
| 
1) 
AA iy 4 \ 
4 
NI ac \ 
( } 
er (VI | H les 
L-St¢ Vert ( Ro 
(c 9,8, nS 
Get ( 60.65 H 6.2 N 6,1] 
: 
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ester (VIL: D-D-Form). Aus 


vom Schmp. 168-169 und 


arboben7ox\ rlutaminsaul 
anaioge Weisc reitel wie das 


stereoisomere L-L-Prodt nmittelbar anfallenden kristallinen Pro 
dukt 21 na riindert geblicbenen Benzylesters 
2.2 Schm Ol ntern bei 138 Obzwar das 
Produkt 

und a 


Alkol 


he 


~i 


19,25 
CH.O 19,2 


Verbindungen und (b-b-Form), weiterhin des 
s Produktes VII (pb-p-Form) vom Schmp. 160—162 


ethylierten Derivates (VIII; D-p-Form) vom Schmp. 119-120" wurden 


Ib). Je 0.3 ¢ de 
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(10 mi) einmal umkristallisisert. Schmp. 160—162°, nach vorherigem Sintern 
C,,H,,O,N, (500.5) 
Ber C 60,0 H § N Vc 
Carbobenzoxy-y-D-2 p-gluta -din rer (VII 
vom Sc np ‘ ad UK Herstellung der L-1 orn 
angewandten Vert 67,7°4,4.1 der S Vill vom S p. 116-117 
sic wurd \ Cl peitel Z \ sc wurde eine Kix e Probe aus 
Essigester 
B ( 61.35 H CH.O 1] 
G ( 6] H CH,O 
| ae. Die triihere Angab iber d sp Dre ert d Antipode: t nach den jetz 
durchgefiihriten Kont est Inge 5.5: Essigester) zu 
k« wrigierel 
p-p-Srartd Glu ) (Ib Aus & 
a. des obigen Produb Vill Si p wurden nach d fiir dic 
Herstellu de lip ds (la) beschrieb Vert! 3.1 (64°. d.Th.) 
des p-p-Startdipeptids (1 ( Da ttelbar a ende, mit Methanol 
Ather. danac Athe ewaschene Kristallprodukt s« iz rasch erhitzt nac 
ee vorherige Sinte cl 11 30 Das so gew ene Produkt et iit | Mo 
K ristallwasse 4.86: Metha Die friihere Angabe'* iiber det 
i spe Drehwert des ! Antipod st nach den jetzt durchgefiihrten Kontrollbestim- 
mungen auf 4.72: Methanol) zu korrigiere 
(322.3 
Ber C 44 H 69 N 8&8 
Gel 4a. H 6,75, N_ 8,6 
p-D-Startdipept 
: 
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in 80 prozent. Essigsaure (25 ml) hydrogenolysiert (Pd-Tierkohle, 10 Pd), das 


Filtrat bei Unterdruck eingedampft und die beiden Riickstande, weiterhin 0,3 g des 
p-p-Startdipeptids (Ib) vom Schmp. 129-130 in je 50 ml Wasser gelést. Je 0,01 ml 
dieser Lésungen wurden chromatographiert Lésungsmittel Fisessig—n-Butanol 
Wasser |: 4:5; aufsteigende Chromatographie auf Macherey-Nagel Nr. 518-Papier; 
Entwicklung mit Ninhydrin. Substanz VII lieferte zwei etwas zusammengeschmolzene, 

Intensitat unterscheidbare Flecke, R 0,210.24, die auf die 


Anwesenheit von p-Glutamyl-p-glutaminsa und 


hindeuten. Substanz VIII lieferte einen sehr IsiIV angefa ‘| k des y-D- 
Glutamyl-p-glutaminsiure-xx -dimethyleste ‘ 0.50). weiterhin einem viel 
kleineren ul ich angefirbten Fleck des «~-p-Glutamy]l- lutaminsdure- 
nethylesters (R 3. Bei Substanz Ib ist de leck A 0.50 seh 


0,34 eben nur die 


I 


intensiv angetarbt, wahrend der bedeutend 


Empfindlichkeitsgrenze (etwa 0.2 v) der Ninhy eaktion des «-p-Glutamyl-D- 


olutaminsiiure-vx -dimethylesters (XI) erreicht. Daraus folgt, dass diese Verunreini- 


vung im D-D-Startdipeptid | my 3 unte liegt 
(XII Form) 
-wandten Verfah- 


seines 


109 


ragaen aus <2 


Carbobenzoxy-Derivats 


ais p-b-Hydrobro nid 


Ausbeute 


-L-Startdipeptids 


ulisiert: Schmp. 


N 
N 


- glutaminsdure- -dimethyl-y -benzyl-ester (VAIL; 


1-p-Form). Aus 7.4 VIL (L-p-Form) (52°, d.Th.) (L-pb-Form) vom Schmp. 
| 
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R 
Vol. 
1958 
| 
ren 65 «(des p-D-Startdipeptids (Ib) 1.68 (47 d.Th.) 
in analysenreinem Zustand gewonnen. Schmp. Hill 
110°. 28,3° (c = 9,8; Methanol) 
i p-p-Form). Nach der Herstellungsart der stereoisomeren L-L-Verbindung (XVIII; ; 
L-I Forn )wurdet ius |.54edes Carbobenzoxy-D-D-Slal dipeptids | d Th ) 
| der D-b-Verbindu XVIII) in analysenreinem Zustand gewonnen. Schmp. 133-135 
Hyd wnid a p-G/lutam)\ -dimethyleste (XIX: 
p-p-Form). Aus des XVIII wurde nach der Herstellung- 
sart des Hydrobromids XIX der L-L-Form das ro IE CX.LX) in Form 
eines hygroskopischen Pulvers in fast quantitativer A gewonnen 
(c) Synthese de L-l Si [ und Seine Derivate A 
Simtliche Sc te sind der Synthese des [EEE bzw. v-p-Startdipep- 
tids und seiner Derivate nachgebildet worden. Nachstehend wurden nur die Ansatze, ; 
Ausbeute die Art der Kristallisation, die Analysendaten und die physikalischen 
Konstanten angegebe 
( obenz -benzylester (Vil; L-D-Form). Aus 
11.8 @ LV (L-Forn d 7.7 ¢ VI (p-Form) 8 @ (47 d.Th.) des Rohproduktes. 
Einmal krist iert aus 180 ml Essigester—Ather (1 : 1) 5,24 g, aus der Mutterlauge ; 
weitere 2.2 Schmp. 135-137 Aus Essigester noch einmal 
137-138 x17, 89: Methanol) 
(500.5) 
Ber C 60.0 H 5.6, | 5,6 
Gel C 60.1. 5,3 
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Essigester (12 ml) umkristallisiert 3,15 ¢@ vom Schmp. 107-108,5 


104—107 Aus absol 


(528.5) 

Ber 11.7 

Gel 12.0 
lester (Ic). Aus 3,1 


7 ml) einmal umkristallisierten 


VIII (L-p-Form) 
Methanol) 


L-pD-Startdipeptids. Schn 


,O,N 


(XVIII 


nachder 
XVIII: L-Lt-Forn 
ster gelést, die Lésuns 
s Entlernung ausgescnutltelt, 


kt et( Na \( und sc 


Riickstand kristallisiert 


Der so gewonnene 
absol Ather Das 
aus absol 
Metl Th.) schmolz 
unschart 
auf eine weitere Reinigung verzichte 
Hydrobromid de fan glutamylthiophenol-xz hvlesters (XIX 
L-D-Forn Aus 0.62 des L-p-Thioy vleste! 
Hvydrobromids XIX det 


eines hys roskopiscnhen Pulve 


97-100 Wegen Materialmangels wurde 


X\ wurde nach der Herstellur 
p-Hydrobromid (XIX) in Form 


art des 
Ausbeute yewonnen 


Un sel hres De 
Konfieuration 
Erste Methods 
(a) Herstellune d -Polvyeste (Ila XVI) aus dem 


In einem Zweihalskélbchen wurde eine Lésung von 


Startdipeptid 


4A. a 
I 
Ber N 9 CH.O 204 y 
Gel YN CH.O 20.3 y 
1 
Die omatograpnnisc! | iu aet | ACI Produktes eri< lote ebenso 
Wit pein SI | pel ul ad aga Se LDC | 
Aus | g L-p-Startdipeptid (Ic) 0.5 d. Th.) des kristalline Rohproduktes: aus 
PS 4 mi absol. Essigester—Ather (1: | weimal umkristallisiert 0,35 om Schmp aes 
CopHocO.N. (438.4) 
Ber ( S4 H{ 6&0 64 
Gel ( 95.0 HO N 6,7 
L-D-/ 
Hers 
K ris 
zwe 
: 
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1,46 ¢ L-L- 
Form) in 3 ml reinstem, wasserfreiem Dimethylformamid unter Feuchtigkeitsaus- 
schluss, nebst Eiskiihlung und Riihren zuerst mit 0,47 ml absol. Triathylamin, dann 


tropfenweise mit einem Gemisch von 0,32 ml Chlorameisensdureathylester und 2 ml 
Dimethviformamid versetzt. Man riihrte noch 10 Min. weiter, versetzte danach das 
das mit den Kristallen des ausgeschiedenen Triithylammoniumchlorids 


mit 0,5 g Pd-Tierkohle (10 Pd). verband den einen Hals mit einem 


Gemisch 
durchsetzt war 
bis zum Boden des Kélbchens reichenden Gaseinleitungsrohr, den anderen durch eine 
vorgeschaltete, mit konz. Schwefelsdure beschickte Waschflasche mit einem abgewo- 
genen Geissler’schen Kaliapparat. Jetzt liess man durch das Gemisch unter standiger 
Eiskiihlung einen langsamen W asserstoffstrom (1 Blase per Sec.) streichen. Durch 
zeitweisiges Unterbrechen det Wasserstoffzufuhr und Abwagen des Kaliapparates 
konnte man feststellen, dass binnen 5 Stunden rund | Mol. (0,15 g) CO, abgegeben 
Da jedoch die CO,-Abgabe bei diesem Stadium noch nicht zum Stll- 
geleitet. Nach weiteren 24 Stunden war die 


worden wal 
stand kam, wurde der Versuch weite! 
CO,-Abgabe praktisch beendet und betrug insgesamt 1,36 Mol. (0,20 g). Jetzt wurde 
das Gemisch abgeschleudert der Bodensatz einmal mit 3 ml Dimethylformamid durch 
n ausgewaschen, die vereinigte Lésung nach Zusatz 


Aufschlammen und Abschleudet 
von 0.47 ml Triaithylamin 3 Stunden bei Raumtemperatur stehen gelassen, dann eine 
Stunde auf 60° erwiirmt und schliesslich i. Vak. (20 mm) eingedampft (Bad 80°), wobei 
ein zihfliissiges. braunes Ol zuriickblieb. Dieses wurde 8 mal mit je 40 ml absol 
A ther eriindlich zerrieben, dann im Vakuumexsiccator Uber Schwefelsadure auf bewahrt 
Das so gewonnene, pulverisierbare Produkt, das vom anhaftenden Katalysator 


sraustichig war. wog 177 mg (18.6°, d.Th. auf das Carbobenzoxy-L-! -Startdipeptid, 


etwa 9,3 d.Th auf das L-L-Startdipeptid berechnet) Das Rohprodukt (Polyester l-a) 
wurde ohne Reinigung weiter verarbeitet 

(b) Herstellune des L-P sters a) unmittelbar aus dem -L-Startdipeptid (la) 

ng von 2,0 g des L-L-Startdipeptids 


Mittels tlorameisens dthvleste ine LOsu on 2.0 ¢ 
(la) in Ziihren und Kiihlung (— 4°) zuerst mit 
Gemisch von 0,53 ml Chlor- 


ml Triithvlamin, dann tropfenweise mit einem 
ameisensdureathylest nd 3 imethviformamid versetzt. Man riihrte noch 15 
Min. weiter, nutschte dann d isepeschiedene Triathylammoniumchlorid rasch ab, 
rweimal mit je nethylformamid nach und engte das mit der 

uum (Bad 0°) bis auf etwa 4 ml ein. 

| Triathvlamin 8 Stunden auf 40-60 
vobei eine geringe Kristallausscheidung 
(Bad 80°) ganz eingedampft, 


5 “thar t. die 9» bei Unterdruck abermals 


der Riickstand in 


und diese P1 Das so gewonnene rotlich- 


15 ml Wasser 


(in viel isiitzen) 46 Stunden dialysiert (Cell in), dann 


e Polvester 24 Stunden im Vakuumex- 


imorphe Produ} 1-b) 
s wurde ohne 
[(C,H,O,N] 
Ber CH.O 


Gel CH.O 


ie 
Vol. 
1958 
abgedam pit, 
braune, zihfliissige Ol (2, en 
> 
insgesamt 2 |. dest Wasscr 
der Gefriertrocknung unterwo! CSS 
siccator ubel P.O. auf bewaht 
woe 688 meg (38.8 d.Th.) 
22,0 


nenes 
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ster. Eine Lésung von 2,0 g des L-L-Startdipep- 


amid wurde nach Zusatz von 3 ml absol. Toluol 1 


mm ‘ b if etwa 6 ml eingeengt, dann die teilweise ausgeschiedene 


tidsin l2n sol. Du oO 
Substanz durch Zusatz von 6 ml Dimethylformamid durch gelindes Erwarmen wieder 
gelost Mar ersetzte die Lésung zuerst mit 0.2 Priathylamin icraul nevost 
starker Kiihlung (Bad )—troplfenweise und u r Riihren mit einem Gemuisch 
on 0.72 1 porameisens re propviester und Dimethyilormamid wurde 
nocn wenec;>re »0 M | ic K inrt. a | {U.S Wii} 
und nachher allmahlich auf Raumtemperatur gebracht. Nun wurde die mit Kristallen 
(Tnathviammo d) durchsetzte Li suf SO”. dar | Stunde 
mit 30 ml ab en und das G Na Fiss k stehen 
relasse Nach A des At de flii K end 
Vi 
wt und d P Riich d d 
1 
idee? 25 ml dest. W die Lé dest. W \ 
Stunden d d ler G orfen. Das 
Get CHO ) 
7 we Ver 
rohen Hyd XTX \ 
1,8 ml absol. 1 Feu 
oe wurde aus dem G H H wy 
Stun Na Abi Rich d 
mit 150 \ 
W end des \ 
feinen Pulv« D ler Zentrifuge d 
Reihe nach d 0 \ 
Acctor a \ 1) 
carbohb« en Thioy XVII fd Startdipep 
MG 
C.H.O.N 43,14 
Be: ( H 6.3 N CHO 
(sel 49 H CHO 19 
Pr D-¢/utaminsdu r (ilb, bzw. Aus ¢ Carbobenzoxy 
thiophe 1x'-dimethylester (XVII; p-p-Form) gewor 
ae es geass, rohes Hydrobromid XIX (p-p-Form) wurde auf die oben angegebene Weise 
; 
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umgesetzt. Das gewonnene Produkt (D-Polyester 2) wog 139 mg (23,4 %, d.Th. auf den 
carbobenzoxylierten Thiophenylester XVIII, etwa 7,2°%, auf das p-p-Startdipeptid 


berechnet). 


mesoider y-Poly-glutaminsdure-x-methylester (llc, bzw. XX1). Aus 620 mg Carbo- 


-dimethylester (XVIII) gewon- 
nenes, rohes Hydrobromid XIX (L-p-Form) wurde auf die oben angegebene Weise 
umgesetzt. Das gewonnene Produkt (L-pD-Polyestes 2) wog 220 mg (65.8°. d.Th. auf 
den carbobenzoxylierten Thiophenylester XVIII, 4,1 °, d.Th. auf das L-p-Startdipeptid 


berechnet. ) 


Dritte Me thode 


(0.1 Mol.) 
Mol.) 


1} 
CLOSLCT- 


ja 
y-Poly-L-glutaminsdure-x-methylester (lla). In einer Lésung von 3,2 S| | 
Vol. des L-L-Startdipeptids (la) in 6.5 ml Dimet formamid wurden 2.3 ¢ 
2 frisch destillierten Di hexylcarbodumids gelé Es erfolgte eine starke SSE 
1958 wirmung und nach etwa 10 Min. setzte die Ausscheid on D xylharnstoff 
ein M nm erw te das Re iK SoC | cnt 4 Stunden 
= ab, und wusch i! m Filter n kalte LD fo d D ereinigte 
Pu zerfiel. D kt (2,4 tellt G 
ene M 0.8 \ p 7 Da d 
} \ d 
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(Of D H p 
j | | | 
} \1 ij 
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M ( 
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hic = Na SO) i 
O dur 
unmuittelb P el 
Das “Primiire Umsetzungsprodukt” (| vurde in einem Gemis« 4 mlabsol 
: 
| 


bei Raum 


das 
Min. unter 


ure-p-nitro- 


eiskaltem 


Pyrid Sc Minute ne 
d 
CH 
() 
| 
‘ 
‘ 
dic e Weise he Stich 0 
ul 
| 
N Zu S OM ickfliessend 
~ Ch | me | | | ) CASI ag wt noch 
zw mi W und die Li druck cingedamp Den 
so gewonnenen Rich ers ereiteten, 
a. Eiskiihlung stehet Das kristallin ausgeschic Form pion 
rd ho f dem Filter zweimal mit jc | ml 
V. Bruck K und H gy 
4 


W: ssel 


alysier- 


rgenom- 


d a \ ; n ussenw Cl betrug in der 
15 ml auf | mg des ang ten Polvest - zuriickgebliebene Lésung 
wurde 1. Vak. (Bad 30°) aul 20 ml einge 


worfen. In kolloid 


trocknung unter- 
idaler Form etwa mit 


geschlepptes Kupfer([I)sulfid 


koaguliert im 
Laufe der Gefriertrocknung und lisst sich durch Lésen des Riickstandes in Wasser, 
Harries Ber. Di 
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ae Wasser gewaschen und schliesslich im Vakuumexsiccator getrocknet. Es wog 20 mg 
>= und schmolz bei 172°. Nach einmaligem Umk: eren aus | ml Wasser wurde ) 
bei 177 d in der Mischprobe mit einer uthentischen Priiy it vom 
ce 30 mg des P ls wurden auf oben angegebene Art mit Natriumhypochlorit | 
behandelt, dann die | liinnt. D Hiilfte diese 
oe Li rd¢ tl die andere (K ich) nach Zusatz von 0,7 mg 
be ihite Lé Ch det 24 
Stunde m Ay n.d iruch redampft 
Vol. der Riickstand ler S 
2 Nal i | her | da B llung 
des R di eine 
ae. Ausscheid on Nat t me D S en Riick- 
d len P lieset 
Li der P (Autste le phie 
— a uf Wh. No. 4 Papier: | n-B Wasser 4 Entwick- 
tN | K lem Fleck der Glutamin- 
der | eutlic fehit der 
et en A 
Herst ner Konfigu 
proz. | NaOH 1S D lie Lésung 
not ‘ Ve ‘ ‘ M Cl Cl 
Pr ter ce ber ffs) 
abfilt t.d 6 (1 S t Nat t eine! 
resal Ku Lésut Kupt i der P falit 
Letzte ird eud der Z 3-4-ma kaltem 
W ( $C M te d f en Nieders der eben z chenden 
on 0.1 n-H¢ diese Me der R in } des 
angesetzten P ters. Diese Lésung wurde S felwasserstofi sittiet, dann 
det L be iss ad ictztere! mit ‘ Luftst: enti nt ae Niede scniag 
abgeschleudert, in der Zentrifuge 2-ma it wenig Wasser gewaschen, die mit dem 
der Dialyse unterwortfs unter Verwendung einer Cellophanmembrane 
schlaucl Die Dialyse wurde bis zum Verschwinden der Chloridreaktion vom 
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Abfiltrieren der Lésung und Gefriertrocknung des Filtrats vollkommen entfernen 

Die so stellen schneewe flau rtige Produkte 
dar, die 1 assel r | t léshi sind. Sie zeig il be! immung mit dem 
APP und SPP 


und ZW 


sondern 


aktiy 
die achstehende 
auch durch thre 
hromatographie (Lésung- 
wurden er Aul- 
Streilen gewonnen 
lysierten Fraktionen heraus, 
nden) immer kiirzere (von det 


Auftragstelle ausgehende) Streifen darste n, { hliesslich das Chromatogramm 


des undialysierten tandes aus einem cinzigen, auf der Auftragstelle verbliebenen 


scharf abgegrenzten Fleck bestand 
Die svnthetischen »-Poly-glutaminsiuren binden Wasser und Aschebestandteile 


sehr hartnickig, ebenso wie dies beim APP und SPP der Fall ist. Dies hat zwei 


= 
ip ag 
{) Re SPP t* ik die I pfind 
rass ‘ CTrAC ( gic ‘ aul uc | CSCLZLCTI 
; ( Vo 
P 
2 Polve ic ul da precnenac S et wuraen il 
aoe ae auch dann. we der Polvkondensation nicht unmittelbar das Startdipeptid, 7! 
sein Derivat he de 
Naar All die in Tabelle | ar ihrtet Poly-glutaminsiuren weisen eine erhebliche 
Polvdispersitat auf. Dhtes lie sicl cht nur bei den s 
in H d der Testungsmethode nach Ouchtet 
Mitteilung von Ivar CS yndern bei samtlichet 
ge chromatographische Untersuchung. Bei der aufsteigen 
smittel Phenol—Wasset Entwicklung mit 
tragsteiie ausgenenac i! de Wa ae ingsrichtu 
‘ 
Durch weitere fraktionierte Dialyse dieser Produkte « 
‘ ~ 
det n Chror ramn hei konstanter | (QO 
[ 
: 
A 
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Folgen: erstens lassen sich vollkommen aschefreie Paraparate durch Reinigung 


mittels einer gew6hnlichen Dialyse kaum gewinnen, und zweitens lisst sich das 


gebundene Wasser durch Trocknung in det Hochvakuumpistole praktisch genigend 
schnell nur bei 110—-120° entfernen, doch erfolgt bei dieser Temperatur schon eine 
serinefiigige Zersetzung, die auch an der schwachen Verfarbung der schneeweissen 
Produkte zu erkennen ist. Der Aschegehalt unserer Praparate schwankte zwischen 
0.01 und 1.8 Weven der grossen Wasserbindungsfahigke t zwar eine strenge 
Kontrolle der Endprodukte mittels Elementaranalyse nicht n glich. do liess sich 
feststellen dass die bei iertrockn infall I ljukte nach stiindigem 
Aul bew: *n im Vakuumexsiccator uber “a lich genau Mol. gebundenes 
7wei Gilutaminsaurerest tnhait abelle a “inige ate der 

el die Tr rsart ist in ‘r letzten Spal zeichnet 
zu bemer! dass Wak fiir seine syntl | lutaminsdure, 


angibt 


die ebenfalls durch Gefriertrock! 
(C 40.9: H §.9: N 9.55). die fii yundene Ty lutaminsaurerest 
C 40.8: H 6.2: N 9.5) entsprechen Fine derart l mel tzung wurde 

eim SPP oder APP, noch I ren synthet 1e dukten 

10 

nsaure* 


des 


Polyester 
vindbare die 


det Peptid- 


Der ngvarisc 1 Akademie det Wissenschaften 
dieser Arbeit gedankt. Die Mikroanalysen wurder uns ut ¥ 
S. Kutassy u ir durchgetuhrt He il n i der Durchfiihrung vieler 


Versuche sehr gute technische Hilfe geleistet. Allen unseren Mitarbeitern gebihrt unset bester Dank 


Vol. 
po. il gefunden. Es ist noch zu bemerken, dass der eine unvollstandige Verseif i 
wir einstweilen angewiesen waren, haben wir—um etwaige Spaltungen 
kette zu vermeiden aie Gesic Verseifungsart angewandt 
H 
Asche lrocknungs 
( H CH,O 
P G ) § 24 Stunden 20 
Po ( j 14.5 0 0. 0.0 24 Stunden 20 
nn 5 Stunden 
10 
P G 14.2 6,2 10,2 - ye 24 Stunden 20 
nn | Stunde 4 
Po G $3.8 6.2 1.0 e 8 Stunden 100 
Po G 0.4 24 Stunden 20 
P ( : 13.7 ( 10.3 |? 0.0 24 St en 20 
Subtilis-Polypeptid 13,8 0,1 0.0 24 Stunden 20 
Ber. HA 43.6 10.2 
Be C.H-O.N) 16.5 5.5 10 
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ANHANG 


VERGLEICHENDE SEROLOGISCHE UNTERSUCHUNGEN 
SYNTHETISCHER POLYGLUTAMINSAUREN VERSCHIEDENER 
KONSTITUTION 


Verd 
bemerkt 
parate 
Die 
logiscl 
bD-glutamin 
Nr 
siure Pferdeimmunsera 
Subtilis-Polypeptid, gle! 
Antikérpers. Die mesoide y-Poly-glutaminsaure zeigt gegeniiber Plerdeserum eine 
Aktivitit als die v-Poly-p-glutaminsiure. Aus dem Kaninchen- 
-Poly-b-glutamin- 


ass dic tamin 


praizipitiert wie das 


aximal Menge des abgeschiedenen 


etwas schwichere 


serum Nr. 46 wurde nur eu 
siure prizipitiert. Sonderbarer Weise zeigte das Kaninchenserum-P, dessen mit dem 


Teil seines Antikérpergehaltes durch 


77> 


j R86 (1933) 


J. Tomesik und H. Sz 7. Imn rsch 3 ) 
? J. Tomesik und G. Iva c Z.In Forsch. 93, 195 (1938) 
Ivanovics Z. /mmu rsch 143 (193 
* V. Bruckner, J. Kov tar und H. Nagy, s. d orangehende Mitteilung 
G. Ivanovics und \ unForsch. 9, ¥O4 (1937 


Ga 
Ad 
G. IVANOVICS 
Mikrobiologisches Institut der Universitat Szeged 
mr? Durcu wiederholtes intravendses Impfen von Kaninchen oder Pferden mit durch pee § 
mehret Mj onen eine P nitat ej gc linter nat ichen Poly 
gluta Ssaure st die aus M ) (B. a raci§) adgetrennt Anthrax Vc 
Polypeptid) d dic dere me pl n Sporentraget 
(7.B. B ) is te e (S Polypeptid) versteher 1! 
Beide Polypeptide weisen die fi es Hapt Halbantigens) auf, d.h. ihre 
parenterale Verabre k Bild Antik Nel Folge 
Als | nZu coe K trons ac \ ypep ds ind des 
Subtilis-Polypeptids, die Bruckner und Mitarbeiter? durchgefiihrt haber rdet 
synthetische glut dener Konstitutio re serologische 
2 Aktivitiit gepriift. Diese Prii rde mit antikay Immunk6rper enthalten- oe 
den Kaninchen- und Pferdesera durc ihrt: als Vergleichssubstanz diente eit eh 
Subtilis-Polypeptid Priiparat urspriinglicher Isolierungsart.® Die Versuchsergebnisse 
sind det | iDe lic und 
eat Tabelle 1 enthalt die Ergebnisse der mit Hilfe der Ringprobe und Agardiflusions — 
methode durcl velunrtel Ver i Aus diesen St ersicntulict gass ¢ inti- 
kapsularen Immunk6Orper enthaltendes Pferdeserut r von det Poly-p-glutamu 
siure und der » n y-Polyglutaminsiure prizipitiert wurde. Ganzlich inaktiy 
| hingegen, erwiesen sich die Pol taminséuren anderer Konstitution, darunter aucl 
die Poly-1 -vlutaminsaure obzwal diese erste qualitative lestung del det massigen 
> 
_ 


Ein synthetischer beweis der konstitution de 


r natiirlichen polyglutaminsauren 


TABELLI 


elle 1, 
mino-N 

Subtilis-Poly tit gens ziemlich niedrig war, mit 

insiure iiberhaupt keine Prizipitationsreaktion. Dass aber der 

AntikOrper dieses 15 Jahren hergestellten und seitdem auf bewahrten I[mmunserums 

mit +-Poly-p-glutamin doch spezifisch reagierte konnte, durch ihre positive 

V. Bruckner, K. Kovac d peri z i r. Acta Chim. 5, 26 

(1955) 

V. Bruckner 


(1957); Z. Ph 


lter Prazipitation 
-Poly-p-glutan 


7 (1956); 44, 90 
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Hemmungsreaktion nachgewiesen werden. Bei der Ermittlung dieser Hetmungs- 


reaktion diente als Grundlage die beim optimalen Mengenverhiltnis ausgefihrte 


Prazipitationsreaktion des Subtilis-Polypeptids und des Kaninchenserums-P. Diese 


Reaktion wurde von 150 wg der »-Poly-p-glutaminsaure ginzlich, von 30 mg teilweise 
aufgehoben. Vollstiindigkeitshalber sei hier bemerkt, dass keine der Poly-glutamin- 
siiuren, die in der Tabelle | als serologisch inaktiv bezeichnet wurden, die Prazipi- 
tationsreaktion des aninchenserums-P und des ibtilis-Polypeptids auch in 
Mass beeintriichtig h dann nicht, wenn sie einer Menge von 650 

augesetzt wurde 
Die oben aulgezihiten tei n nterschiede ie *n dem serologischen 
Verhalten des Subt olypey itaminsau und der mesoiden 
Verschieden- 


r Polypeptide 


heit der durchschnittlichen Molekulargewichte bzw. der Dispersitat diese V 
oe haber Diese Unterschiede liessen sich an Hand der Ouchterlony’schen Agar- 
Diff nsmethode’ se erkenne! Wahrend miicl n Falle des Subtlis 1 
aes. Polypeptids eine we er als Dreite, sehr sc f abgegrenzt Pr pitationszone ae 
entstand, erschien dic der P ende [rub B. im | e del 
Streifens, dessen Rand fast Rand der das | thaltendet 
Bohrung hervorged! Aus diese Unterschied ist d { ; das 
re cl Hsp (5 a t. Gesse iD ender Anteil 
renden K ics S \ d Dit diirfte das 
\ des § p d dk 
i 
reve rdem K P len. H die fru 
K de Pierd Hapt 
) | b 2 ‘ Vi a nd dur Gic 
if 
Es ist | ad an che Py ) ire 
aus dem Pferde AS die M des Antikérpers pr liert 
wie Subt P peptid: | 1/40 nge Diflerenz durtte de 
oe Versuchs! rz eb den). Aus der | keit, die nach dem Absc 
oe dern des P pitat de. konnte weder durc en Zusat Subtilis 
erneute P pitation erzeugt de Mit dk Poly-glutaminsdure liesse! 
sich ZW nur [030 des Antikorpe! bscheide konntet is der abges eu 
derten Fliissigkeit durch Zusat ym 25 ‘des lis-Polypeptids noch weitere 
i 
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687 ug des Antikérpers ausgefallt werden, so dass die Gesamtmenge 1717 yg betrug. 
Wurde jedoch mit der mesoiden y-Poly-glutaminsaéure der Antikérper aus dem 
Pferdeimmunserum nebst Anwendung des optimalen Mengenverhaltnisses der beiden 
Lésungen einmal ausgefallt, so konnte durch Zusatz von mesoider y-Polyglutamin- 
siure zur abgeschleuderten Fliissigkeit keine weitere Prazipitation erreicht werden. 
Zusammenfassend liisst sich nun sagen, dass die serologischen Versuchsbefunde 
mit den chemischen Untersuchungsergebnissen tiber die Konstitution des immun- 
spezifischen, polypeptidartigen Haptens der Anthrax-Subtilis Bacillengruppe in vollem 
Einklang stehen Uberdies weisen diese Versuchsbefunde ein u.E. sehr interessantes 
Beispiel der Immunspezifitét auf. Es ist namlich aus den Ergebnissen der serolo- 
gischen Untersuchungen klar ersichtlich, dass die Reaktion des antikapsularen 
Anthraxantikérpers in bezug auf die Konstitution der Poly-glutaminsauren struktur- 
spezifisch ist, da von den letzteren nut y-Poly-glutaminsauren entsprechender Kon- 
figuration eine serologische Aktivitiit zeigen, nicht aber «- und «y-Poly-glutamin- 
siuren. Weiterhin ist diese Reaktion bis zu einer noch zu ermittelnd renze auch 
stereospezifisch, da vo y-glutal 1 nu -Poly-b-glutaminsaure 
und die mesoide 
glutaminsdure 
Aktivitaét der 
stitution, 
zufuhret 


jetzt ul 


Vol 
vor 
und 
Milzbra 
Zwe 
Substar 
und je 
Inkubati 
Die 
titers ahnlich dur 
verdiinnten Lésur 
der zu priifenden Poly 
Die quantitativen Pi 


in einem abgekihlten Zentrifugenrohr wu n | ml Seru ind 2 ler zu priifenden 


Substanz in 1 ml! Lésung gemischt das Gemisch ¢ tunden im Eisschrank auf bewahrt 
dann das Prizipitat abgeschleudert und danach durch Aufschlammen und wiedel 


holtes Abschleudern zweimal mit je 5 ml eiskaltem Salzwasser gewaschen. Der s« 


: 
Vol. 
1958 
| 
Gm iersuchte Subdstanz einen viel grésseren Aminostickstofigehalt (d.h. vermutlich 
d 
ein viel geringeres Molekulargewicht) besass s dic Po 
METHODISCHES 
Das zum Vergleich herangezogene Subti Polypeptid de den sprung- 
lichen Vertahre 
; Die Kaninchen-l nsera wurden nac de Verta l kK und 
Ivanovics* hergestellt. Eines dieser (Bezex P) wal nt Jahre 1940 
hergestellt und seitdem aul be a end da eida 
ven nec este \ ac Pi a | Cl vurdel 
KI Budapest) im J 1940 he tellt 
VO! Pfe de t jedendigel rue SC aende 
Py \ rdet ‘ s de LoOsul del 1 testende! 
ben mit je 0,2 ml des | :2 verdiini Sel ersetzt 
4 
mungsreaktionen wurden der Ermittlung des Prazipitations 
t. Proben einer der optimalen P pitation entsprechend 
btilis Polypeptids wurden zuerst mit hiedene! Menge 
taminsduren, dann mit dem Serum versetzt 
initationsproben wurden focvlet lermassen durch refiihrt: 


ge 
240 V. Bauckner, M. KartAr, J. Kovacs, H. Naoy J. Wer 
Nieders de | der Method n Cleghorn und Jendrassih 
Nieds 
Me de de das Produkt 
oc 
Vi 
= 
4 
[ i 


Abstract 


STUDIES IN HALOCHALCONES AND RELATED 
DICHLORO 
THEIR 


COMPOUNDS: SYNTHESIS OF 3':5 
?’-HY DROX YCHALCONES AND 
DERIVATIVES 


RS ( 
| 
2 
K. 
77 
K.D 28 
{ 


‘ 
Tetrahedr« ss, 2, pp. 241-245. Pergamon Press Lt London 
= 
A 
Vol. 
y 
ALT 
thar 
21. 14 
N 
N. W 
24, 4 
Ber 
wt 
5 
Deu 
49 
*St. V . 
4 4 « d 
R. O. 
24! 


x 


1 by cold alk: 


‘ gd the 
‘ 
| 
XPERIME™N \ 
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3:5-D ] ep d byt sis sa 
(3°35 d (Yiek t). Found: 44 Calc 
C.H.O.( ( ‘+ 
( ne (1) ) (50 Ce } is added to a homogencous 
s kept overt t at ro tem ture (25—30°) after heating for 5-10 min on a 
the recaisn ce r ot the reac } aeepe ed consider ibly 
On « tion with ice-cold water and acidily! { drochloric acid (1 : 1), the solid 
| It ectec dilute sodium bicarbonate solution and 
C sed. In case « e chalcones, serial no. 4 21 and 24 the reaction mixture 
Si on efor I All cones ive a characterisuc deep red 
e or the acety/ derivative was prepared by heating a mixture 
le and few drops ol pyridine. | 
which was 


rice ra 
fave a solid 
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Studies in halochalconc 


The methoxy derivative was prepared by refluxing at 70 


dimethyl sulphate assium carbonate (fused) 
The solid was cryst 


(il) 


and related con 


sounds 


a mixtu 
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re of the chalcone, 


i ey ind acetone (solvent) for 4—6 hr. 
washit wit icidulated wate! 
Flavanone hot solution 3 -<dichioro-. yaro. cnaic e (U 7) in 
ethanol ml) was treated wit yaorocnior;ric acid il, per a aistinct 
"Rae * turbidity appeared. Enough ethanol (10-15 m1!) was ther idded to get a clear solution, 
= 
i. which was refluxed on a water-bath for 45-50 hr. On remo f ethanol, the remain- 
4 
——— i quid gave a solid, which crystallised from ethanol. Yield: 0-2-0-3 g. It gave a 
ecqaisn colour Wilh Cc ac 
» 
4:2 ? 
( H, } 24-13 
2 1) ( 2.74 2.27 
13 1) ( H,.O.4 0-00 
14 i-M 0 f ( H,.O4 71-99 91-87 
20 Acet Ye needle ) 8-74 18-50 
Met ) Dee} ecdle 20-94 21-42 
22 Dibe f (21) ( 2-98 12-83 
Diac f (2? ( 120 C..H,.O.f 16°79 16°66 
24 | et xv of (21) Ye 100 ( 19-35 19-11 
25 Orange AcOl 144 Cth UA 20°11 19-98 
2¢ Ace f (25) Yell needle 110 17-98 17-73 
? Methoxy of (25) Ye vhit 100 lentica vit (24) 
28 2-Chlore Yellow es 13 C,.H,O.4 32°57 32-10 ; 
: 29 Acetyl of (28) Yellow needles 112 C,-H,,O,4 28°86 28°41 
: (acetone 
30 Benzoyl of (28) Yellow shining plates 115 C,H, 24-71 24:23 
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Flavone (lll, R H) Selenium dioxide (0-4 ¢) was added to 3':5’-dichloro-2’- 
ilcohol (20-25 ml) and the mixture 


hvdroxvchalcone (0-5 ¢) dissolved in dry isoamy] 


was refluxed at 150-160° for about 15 hr (CaCl, guard tube) The precipitated 


Slea 
selenium was, then filtered 


1d 


the fhiltrat subjected to steam distillation to 


iv 


remove isoamyl a ol. The brownish uined on cooling the residual liquid 
was crystallised as yellowis Yie 


111, R OH) 1 solution of the chalcone 7) in ethanol ( 


red solution was 


25 ml). 


r thoroughly coolu 
and the colour 
OvVeTI 
and 
crystallised 


ydroxide 


sodium hydroxide solution (25 ml, 5 per cent) was ad 
ees treated with hydrogen peroxide (5-7 ml, 18 per cent) ; in the a 
ice-bath and left for 3-4 | \ solid began to separat olution 
Slowly changed to yello The reaction \ room 
ver: temperature (25-30°). On dilution with ice-cold a cilute 
hydroc ric icid solid separated \ ethanol 
Ve 
ate 2. 6:8-Di ves (ID) 
( Ca I 
+-M ( HO. 0-94 0 
39 nec C,,H,O. 32:52 2-02 
Tat 6:8-Dict i, R = H) 
Forn 
0) ‘ $4 ( 24-4 1-05 
4 W ‘ 74.40 > 
42 2'-Me x) Ye 160 C,,H,,0,4 22:12 21-92 
+4 x) P ve 200 23°13 2-9 
44 4 -Me Ye rt needles 187 22-12 21-92 
gee 45 ethylenedion Ye needles 230 C,H.O,CI 21-19 21-09 
46 }’-methoxy-4 Ye sh-white C,,H,,0,Cl, 21-07 20-98 
4 ':4'-Dimethoxy Ye white needles 225 C,.H,,0O,Cl 20°23 20-01 
48 2-Chioro White granules 190 C,,H,O,Cl 32°71 32°5 
iar. 


Studies in halochalcones and related compounds 


The acetyl derivative of flavonol was prepared by acetic anhydride—pyridine 


nethod. and was crystallised from ethanol. It is insoluble in sodium hydroxide. 


All the compounds are tabulated in Tables 1-4. The solvent for crystallisation, 


unless otherwise mentioned, was ethanol (95 per cent) in each case. Where another 


solvent has been used, it is indicated in tables by letters in parenthesis along with the 


colour and shape of c1 ystals (a, acetic acid, b, benzene and c, petrol ether b.p. 60-80°). 


TAB 4. 6:8-DICHLORO-FLAY s (ll, R OH) 
cry 
Vol. 19 N W hite 12.12 17-95 
2 $0. Acetyl of (49 
A f ( H 14 25 
j \ yl o ( H,.O.( 8-74 18-64 
\ f ) ( H,.O,4 } 2 
\ tJ ().¢ 22 
j Hof ) ) 
1 \ f ( 
65 ( ( H.©.( 
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THE CONSTITUTION OF ALNUSENONI 
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Abstract 


Tetrahedron, 1958, Vol. 2, pp. 246-255. 
2 
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Further information concerning the immediate environment of the trisubstituted 
double bond in alnusenone was obtained from a consideration of the behaviour of 


alnusenyl acetate with selenium dioxide. The product of this reaction is an alnusa- 


dienyl acetate, the ultra-violet absorption spectrum of which shows it to contain a 


hetero-annular diene system.’ Partial catalytic reduction of alnusadienyl acetate 


gives alnusenyl acetate and complete reduction gives alnusanyl acetate, so establishing 


that the formation of alnusadieny! acetate from alnusenyl acetate } ivolve a 


molecular rearrangement 
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At an early stage ol t| study a difference is ted between the intensity of the 
short wavelengt avd rpt n ol acetat iS Slated Ci ic! 
is olat stituted double bond at Lol C ne In the spect ol 
alnusenyl acetate there i rapid tel petwee 2100 and S00 A W reas 
there is a muc marked intensity Gecre¢ el nusenone e attribute toa ; 
close proximily ot tf Or rou] g agoubdle Dond in ainusc 
2050 7100 »400 A 
Ainuseny! acetate 50 0 ) 0 
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in attempt to prepare the ketone corresponding t the Wit) S-dier ich 
of the cli } H,,O.,. the ultra olel 
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hydrogen in ainusenone 1S g-orientated Is ¢ rrect it TOlOWS I il the juatorial 
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mechanism whereby 


is obscure 


shows 
Furthermore, the 


an 1onic reaction 


hydroxy! group in alnusenol is also z-orientated in which case the 
ainusenvi acetate is converted into taraxeryl acetate, a 3/-acetate, 
Vi 
~ 
* 
e ol Vill, R Ac) ())-« cetate 
ine re, cry la Kture oF | 1 au p 
250-252", [2 1) ) (XI) and one part of a enone (m.p. 245-24 
(Il) gave a keton ture p. 24 9 vhich is identical with the 
product (m.p +4 52 ) obtained from 4-bror Iriedein lhe conversion 
of 4-bro! iriedell ) vi acetate constitute pa lia ynthesis of ainusenone 4 
J from fried since alnusenyl acetate is readily converted into alnusenone by hydrolysis 
7 
ae and oxidation.? The conversion of 4-bromofriedelin into _— 
friedelin and alnusenone have the same config ition at C,, 
formation of (X1) from 4-bromofriedeln 
Since the cor CX] Dr. D om at ting from a pure 
the Chaps D one™ by ther homogencous 
*G.B F.S.S R. Stevenso Ww. S. Sit 2419 (195¢ 
v ta FE. J. Corey and J. J. Ursprung J. Amer. Chem. S 77, 3667, 3668 (1955); 78, 5041 (1956) 
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is strong support for the view that the 5-methyl group and the 10-hydrogen atom in 


friedelin are axially bonded 


alnusenone supports currently accepted views® on the bio- 


The identification of 
genesis of the pentacyclic triterpenoids i squalenoid precursor via a comm 


lent. The degeneration « 


(XVII1) or its equivalc 


-13(18)-enol, f-amyri ar: 


| 
lear ixerol (taraxer ilnusenone) 
termediate 


alnusenone | 


friedelin and 


EXPERIMENTAI 
is added 


ixture 


acetic 


ry Hh 

p. 2 
(Found: C, 75:1 10-4 per cent) 
show selective absorption betw 2000 and 3000 A ifra-red absorption (in Nujol) 
Bands at 1730. 1230 (acetate), 3570, 1033 and 970 cm~ (hydroxyl). It does not give a 
colour with tetranitromethane in chloroform 
rhe triol diacetate (85 mg) in acetic acid (S50 cm”) was treated at room temperature 


38, 1890 (1955) 


: 
yn 
a 4 
in the biogenesis of friedelin 
Tre aiment of ainusenvi acetdi 
5 to aso ion Of ainuseny! acetate mg) in amy! alcohol (60 cm”) and the 
Vol. i! yaride and pyridine t tor mil Crystallisation trom chiorotorn I ethanol 
2 sty fet i] ™i% i. 922. 926 - 
1958 
acetat¢ SU 1 in ¢ ororm (2) ¢ pat U reated n I mono- 
obtained the usual i stallised rotor meti | to JE OG- 
] weld a eed le 99522 |-& 
(Fe 9-4: H, 10-95: C..H..0. re es C, 79-3: H, 10°8 per ). It does not 
‘tion between 2000 ‘ OOA 
ihe epoxide a ed ed ) altel 
itt b COLIC pial a ydrogen [or 
] oad Ocn m tetre de (350 mg) 
ist} (] ACT | ( | ry lel 
4 4 . \ ‘ 
} he {tea l I Cl ing re ed Wil cel 
dride and pyri efor | roo! empet! tion of the < ated 
(1S ¢). Light petroleu veenzene (9:1; 300 ¢ ) eluted fractions which crystallised 
irom ¢ orn ethanol to ive ainuse yl acetate (85 mg) as needles, 1 Dp and 
mixed m.p. 232-235, 43 | t petroleum—benzene (1 : 1; 400 cm’) and 
benzene (400 cm*) eluted fractions which crystallised from chloroform—methanol to 
* Snecific rotations are for 1—2 per cent solutions in chloroform at 15 5 A light petroleum frac- 
tion, b.p. 60-80 and Grade II alumina were used for chromatography 
; * A. Eschenmoser, L. Ruzicka, O. Jeger and D. Arigon He Chim. Acta ===. 
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*hromium trioxide (]-2 ole) in acetic acid (10 cm”). added with sti 


nd the 


hich 


(lV) 


yellow colour! with 


a 
252 1. M. Beaton, F. S. 
rao, 10 min. al mixture kept at room temperature tor [5h rhe triol diacetate a 
ae (60 mg) was recovered as needles from chloroform—methanol, m.p. and mixed m.p Do 
265-268", [2 
ndenrecced n 1 sp en (m.p. ) 
> ‘ ‘ teat 
nd Ii 180 A 1,000) (1 Cale. 
‘ 
( H H.© rev ‘ ri i i 
wit ) | product « illised 
4 
f { centrated sulp Cc ack arop) is added toa 
solution ol } prope elale C ) and the xture 
refluxed occ nai | of the condense! Sodium 
ns of ef oleum (1 cm”) as chromatographed on 
ult | } Be leul (| 200 en eluted fractions 
mg crystallised from « f thanol to give the a/nusa-2:5-dien-3 eo 
(110 mg) as plates. m.p. 254 [x 4] S800 (Found: 
10-8 ( H requires (¢ H U's pe! cent) It mves a 
4 
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tetranitromethane in chloroform. The enol acetate was hydrolysed by refluxing its 


solution in 5 per cent methanolic potassium hydroxide for 1} hr. Crystallisation of the 


product from chloroform—methanol gave alnusenone as plates, m.p. and mixed m.p. 


243-245°, [x], 33 

Pyrolysis of alnusenyl benzoate Alnusenyl benzoate (m.p. 234-235, [a], 16 
500 mg) was heated at 290-300" for 3 hr in nitrogen. A solution of the product in 
light petroleum (30 cm’) was chromatographed on alumina (15 g). Light petroleum 
(400 cm*) eluted fractions which crystallised from chlor« 


ftorm—methanol to give 


alnusa-2:5-diene (110 mg) as blades, m.p 


6,500 (Found H, 12-2. 


vellow colour 


5(10)-en 1s-5(10)- 
using -5(10)- 


[x] 27° (Fou ire 2-0 11-2 per cent) 
(b) A 


( hapon' gives m.p 

refluxing solution of s-5(10)-en- 3-one } in benzene ethanol 
(50 cm*) was treated portionwise during 15 min with sodiun 
poured into water. The product was isolated using ether and ac with acetic 


anhydride and pyridine at 100° for 15 min. The acetylated product crystallised from 


~ 
253 
182-184, [x], + 53°, + 52°, 
requires C, 88:2; H, 11-8 per cent). It 
Oxidation of alnusa-\(10):5-dien-32- Alnusadienol (180 mg) in pyridine (10 
cm”) was added to a slurry of chi nium trioxide—pyridine complex (iro | CrO. and 
2 10 cm” pyridine) and the mixture kept at room temperature I | The product ; 
‘ “J r andit lution in tht netrol m (30) hromat ni 
958 Was tCU ILS SOLULTE ( ( alo ray 
oO! umina ¢). Benzene—light-petroleum ( OO ¢ ) eluted raction, 
or wv . ) Cl AVC lé { 
as pale vellow blades. m.p O2 O35 2180 and 3190A 
11,000 and 8,300) (Found: C, 82-5; H, 10-1: O, 7:3. CapH,,O. requires C, 82:5; H 
and sodium acetate fol 
10)-e7 2 , (X11) \ tor alnusenone (m.p 445 246 
acid (12 cm”) d xture heated on the ste I xture was 
lx 90° (Found: ¢ for +S: H 4 per cent) 
DY treatment wil | celic ture \ ( \ 
) LeLranitro Crnane inh rol a d ip infil 
test 
Si (XVII ix H1) \ suSNeNSIOT < ))-en-3-one 
(200 jin dry (SO was treated at room temperature with lit iminium 
hydride (100 mg). The product, isolated ; la ne ce crystallised 
fron ht petroleum (b.p. 60-80°) to e iS->( is need m.p 
241-242 +. (Found ( H ( H..O requires +°4 H, 
ll-S per cent). hanon' eives mp 3] [+] tor 
1/nu 
| 
a ‘ 4 9 
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chloroform-—methano give alnus-5(10)-en-3£-yl acetate as plates, m.p and mixed 


m.p 
\ suspension dry ether (25 cm”) was 
ture refluxed for 5 min 


s-5( 10)-en 


added 


soluuol 


a 
juct c llised light petroleum to give as fine 
The product crystallised tron petroieu e ainu 
needles. m.p. 244-245 (no depression), 4. (Found: C, 84-35: H, II 
n ol 1/1245 )at 30° was treated over 5 min witha solution of bromine 
(YS ICCLIC cid (60 } Hvydroge ge was evi ed and tne olution 
added, the cool ed ely cha cllow Ihe 1 Wa cater 
t! ‘I Hal for 2 1¢€ ) ed ager rea iced press I he product iS V 
chlo ‘ e a isa pi 
7 
- 
85-4: H. 11-3. reauires H cent). The vi co a 
solution of the dk nec chiorotorn s intensified Dy the addition of tetranitro 
methane 
| 
2040 ind 3160A d 9100) ind ( H ( H 
rec es C, 8. H percent). A s e enol acetate in chlore ves 
{/nus-3(10)-< (XIV) \ e en-3 e | ) yvdri 
hvdrate (100 per } a me C Son etnoxide (ire 
4 10) Or }as blades. m.p 24 4 ( ipo) ives M.p. 2. 
maethanal o +} mixture (50 mg) of olean-!13(18)-ene and 18«-olean- 
as diade p. and p. | 
Conversion A-hromofric (XVI) aint € and ainu (10)-en 
(m.p. 198-199 ether (1 i 
Se a to a wm of silver acetate (3/5 )} in water (4c ) and acetic acid (190 cm”), 
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the mixture boiled until the vapour temperature was 110° and then refluxed for 20 min. 


The product crystallised from chloroform—methanol to give the mixed crystal of 


alnusenone and alnus-5(10)-en-3-one as plates (220 mg), m.p. 247-249", [x 
Synthetic mixture of alnus-5(10)-en-3-one (X1) and alnusenone (11) 


alnus-5(10)-en-3-one (100 mg, m.p. 250-252", [x], — 90°) alnusenone 
245-246 .[x],, 31°) was crystallised from chloroform—methanol t 
247-249", 51°. R 

5 


»49”. ndepressed in m.p. when mixed 


ecrystallisation from tl 


riedelin) 
hydride 

ne on 


ncentra- 


: 
255 
uxture of i 
50 mg, m p. ‘ 
— e plates, m.p 
tes m.p. 24 
Fimen prepared 
from 4-bromotriedelin 
mixture mg) otf ainusenone and al 1U)-en-35-one (prepared irom 
a, a in ether (30 cm*) and benzene (25 cm”) was refluxed with lithium aluminiut 
2201 ¢) for ZU mit ing tne pl duct treated with acetic a hydride and py 
] 
Vol. the steam-bath | Crystailsation tro cnk | nethanol gave ali 
8 enyl acetate as plates (80 mg) m.p. and mixed m.p. 290—292°, [2 25°. Cox: 
195 
tion of the mother liquors gave a mixture of plates and needles, which was washed on 
a the filter with chloroform—methanol | |) until only plates re ned. Concentration 
of the washing } needies (SU mg) W crystallised trom chiorotorn ethanol 
to give alnusenvl acetate as needles (301 m.] d mixed m.p. 233-23 44 
~ The infra-red absorpt spectrum of t sample is identical with that of an authentic 
reference specimen of ainuseny! acetate 
1 h S trial R ch fe Grant and 
‘ the ( | \ | ‘ 
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iL al } >3 | 
q San ple The more soiuvdik ilkaloid ia Mqunoiine 
ee (1; R, = R, =H, R, = OCH,), was isolated via the picrate and identified by 
comparison with a authentic s nlc 
A pale green ess per cent yield), not further ed. was separated 
pheno ibstance, ( HO D. 4 ; ic d i-red and ra olet 
Vol. 
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10CR 
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| { } a tne tract ol 
om] G. | 
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oft 
" 4 
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C \ 
nval ( oric acid 
acidiied sodiul at carbdonale Fro! the aqueous phase alter 
acidification three ali tic acids were isolated by ether extraction and fractional 
distillation. The two acids boiling below 200° were identified as acetic and /sovaleric 
. acids and the | her be I cid. obtained as a crystalline solid after chromatography, 
n 
: was identified as pa lic acid 
No solid material was obtained from th hhh 
sodium hydrogen carbonate extract or the 
% . 1, J. Romo, G. Rosenkranz and F. Sondheimer J. Chem. S 4163 (1956) 
. ley and 8. H. Va er J. Amer. Chem. S 79, 3488 (1957) 
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Each fraction behaved as a single substance 
However, the presence of 


mina 


fractions by attempted acetylation 


me shite 
nesia celite Or u 


chromatographed on mag 
ic substances in the sodium hydrogen carbonate fraction was indicated 
ch contained two substances 


Bate- 


when 
three phenol 

rhe other phenolic extracts ea 
er chromatographic investigations 


olic residues can be recognised using 


By using diazo spray 


by paper chromatogra} 
al solvent’ in all the pap 

ral purposes 

rticular constituents 


diluted with 


a 
and that the most useful of such reagents was dl izotised p-nitroaniline 
ouae 2 N sodiur Ex: tion of the chromatographic strips under ultra-violet a 
‘ } r hi Tey ne 1 > 
light further es na compounds Dy their Diue-tluores properties 
Po fron e more co! nhenolic constituents ¢€ sinapic and ferulic acids. Bate- 
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te However, fractionation of the residue after removal of the solvent gave a yellow 
cee bey 
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crystalline coumarin, m.p. 125 126°, which possessed a free phenolic grouping. 


Analysis gave the formula C,;H,,O,, and the ultra-violet spectrum was very similar 
to that of 5-geranyloxy-7-methoxycoumarin and 5:7-dimethoxycoumarin® suggesting 


that it is a 5:7-dialkoxycoumarin. A band in the infra-red at 3546 cm~! was due to 


free hydroxyl stretching and bands assignable to tertiary hydroxyl deformations 
7 '. The compound does not correspond 


appeared at 1157, 1399, 1385. and 1337 cm 
l2 -balarin. The partial 


aturally occurring coumarin'* and has been named phebala 


CH, or CH,°CH,-C(OH)(CHs),) is proposed 


to any ! 
structure III (R, H or OH; R. 
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os Ihe second fraction from this residue ¢ e a positive Greissmayer test and was oe 
shown to be composed mainly of ellagic acid'* by paper chromatography. Bate- 
smitl iS SI wn acid Can De stant D spect Ol a 
. chromatogram in Forestal solvent 
anew fractions each contained two phenolic sul neces. one of whic! as co on to 
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spectra were measured as KBr discs, unless otherwise state Bi IR2 
instrument. Ultra-violet spectra were m¢ ired for EtOH solut th a Beckmann 
DU instrument. Light petroleum was of b.p. 60-70 
Extraction of the bark. The finely ground bark of Phebalium nudum Hook, 
(7-5 kg. dried and stored for 4 years) was successively extracted (Soxhiet) with light 
action tak 3? hr \ : of solvent 
extractions. The extracts were concentrated 
unde reduced pressure Ng crystalline oO! 
I 
concentrauol to nall volume ollowed DV 
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viscous concentrate (410 g) was triturated with 


green 
waxy sol ted and washed well with methanol. 
ve a colourless, amorphous 


from light petroleum containing 


vi acetate m.p to 


ised the 
petroleum on alumina 


ilter 


“d iced 


amber oil (40-0 @) 


NOL he dar 
Con und A The dar k 
methanol (2-5 |.) and the ere 
a few drops of Denzene, and twice ) el 
gave. as the major fraction, colourless plates (88! ) of compound A, m.p. 51-35-82, 
not ra sed ( urther crystaliisavio etnyvi acetate ound ( 13-0 
C,..H,,O requires C, 82 H. 13-2 per cent). I.R 2924. 28907. 1736. 1704, 1468, 
1422 405. 13 LU. d mY. and /Z5 cm 
The substance s soluble ht petrol ligroin, benzene, cyc/ohexane 
CHiorTrolol caro teirac Ut ( ag et acetate It Was Si thy soluble Vi 
ns DIC Walter and Wit suID ri ave a reaaisn-drown 
1 es, ( ala il. Most of the solvent was removed from the combined filtrate 
and met comp dA. oily concentrate (406 g) was 

: of 10°. sodium « e (500 cm”) and ted by ether extraction. They possessed eee 
i sl AC goul Fractio st under reduced pressure ive [wo 
0-95 () e ¢ ne y Lp after 
refractionatio Ihe s rbazone ¢ ed rless plates from chlorolorm 
tion. The 2:4-« trophe ed needles from ethanol, 
>-116 indepressed oO itn Sample prepared om 
| erc 
and ca n i>. | | me. Staliused trom 
iquc met ets p. an ed | 6Y 0 separauion Was also 
achieved by pa of citral semicarbazone ot ethe geranial 
so ohenolic constituents were extracted from the ether solution with 
sodiu vd de (¢ Aciditc e extract gave a dark upper 
‘gS layer, separated D e addition of ether (50 « ) A tu er yield (320 mg) oO! a 
ess se ) ine ether sou mon st a This product after : 
crvs sation f1 ethyl acetate indepressed by admixture with 
comp d A, ed above. ce ition e ether solution, together with 
the ether extracts (3 200 ) of the aqueo iver, under pressure, 
Ra a washing with water until the was! s were neutral, gave a viscous a. 
oy 
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Steam-distillation for 10 hr and ether extraction of the distillate, gave a brown viscous 
oil (3-0 g). The infra-red spectrum and the chromatographic behaviour were identical 
with those of isoeugenol (see below). Fractional distillation of the residual crude oil 
in vacuo gave, as the major product, a fraction, b.p. 110-140°/10 mm, which on 
refractionation yielded isoeugenol (15 g), b.p. 266-269". It gave a transient greenish- 
blue colour with alcoholic ferric chloride. Paper chromatography in Forestal solvent” 
(glacial acetic acid: concentrated hydrochloric acid: water (30:3: 10 vol.) by the 
ascending method showed a single spot, R 0-89 (average of 6 determinations), in 
the same position as isoeugenol run as control. The spots were coloured orange in 
the presence of ammonia and brown with diazotised p-nitroaniline spray reagent.'® 
The infra-red spectrum (contact film) was identical with that recorded by Levi and 
Thompson er al.° The 3:5-dinitrobenzoate, prepared in pyridine and crystallised 
twice from n-butanol, gave rosettes of long colourless needles, m.p. and mixed m.p. 
156 

Dictamnine. The ether solution was washed with concentrated brine (3 400 cm?) 
and with water (4 400 cm*) until the washings were neutral. Concentration under 
reduced pressure after drying, gave a dark green mobile oil (320 g) which gave strong 
positive alkaloid tests. The total alkaloid content was extracted with cold 10 
hydrochloric acid after the addition of ether (50 cm*) and isolated by basification 
with aqueous ammonia. Repeated fractional crystallisation of the crude brown 
gummy precipitate (3-5 g) from ethyl acetate—light petroleum gave, as the more 
insoluble fraction, colourless needles of dictamnine (total yield 1-06 g), m.p. 129-130 
A sample chromatographed in benzene on alumina and eluted with benzene—ether 
(9: 1), had m.p. 131-132°, unchanged on further recrystallisation from ethyl acetate 
light petroleum and undepressed on admixture with an authentic sample (Found 
C, 72:5: H, 4:5; N, 7-3, 69: OMe, 13-6, 13-2: NMe, nil. Calc. for C,,H,O.N: 
C, 72:35; H, 4:55; N 7-05; 1 OMe, 15-6 per cent). I.R. (identical with authentic 
dictamnine): 3175, 2985, 1621, 1580, 1543, 1506, 1466, 1449, 1416, 1385, 1366, 1340, 
1297, 1266, 1235, 1209, 1179, 1160, 1121, 1088, 1052, 979, 940, 873, 791, 758, and 
722cm—*. U.V.: A 236 mu (log ¢ 4-78), 309 mu (log ¢ 3-95) and 329 mu (log « 3-88) 

Circular paper chromatography of purified dictamnine showed a single band 
which had R, values, 0°94 (BuOH: 2N HCl) and 0-89 (BuOH: 5 HAc) (in 
reference 11 R 0-89). The bands were coloured orange with a modified Dragen- 
dorff’s reagent spray, prepared by suspending bismuth oxychloride 61 g) and 
potassium iodide (10 g) in water (10 cm*) and adding 10°,, hydrochloric acid (6 cm”) 
with shaking 

Dictamnine picrate separated from methanol as light yellow plates, m.p. 164-165 
(in reference 6 m.p. 165-166°) (Found: C, 50-75; H, 2°8. Cale. for C,,H,O.N, 
C,.H.O.N C, 50-45; H, 2°85 per cent) 


-Fagarine. The more soluble alkaloid fraction was isolated by precipita 


uion as 


the crude picrate (780 mg), m.p. 165-171 Repeated crystallisation from ethanol 


gave, as the major fraction, pale yellow needles of y-fagarine picrate, m.p. 177-178 
with softening at 170-171°. (In reference 15 m.p. 177°) (Found: C, 50°9; H, 3-1; 
N, 12:2; OMe, 13-2: NMe, nil. Calc. for C,,H,,O,N, C,H,O;N,: C, 49-8; H, 3-1; 
N, 12:2; 2 OMe, 13-5 per cent) 


lofeu, R. Labriola and J. de Langhe 


4 
Vol. 
1958 
J 
: 
Inflexix 
SY, Amer. Chem. Soc. 64, 2326 (1942) 
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egencrated tre the purified picrate with dilute aqueous lithium 
hud | 1 tat ther oa n | needle 
of »-f xed np. 140-141 LR. (identical with authentic »-lagarine) 

cl | acc cd u ed 

P.O) 


on 
4 
‘ 
Tt | ed 
j } OM ; ( ( 
‘ . . 
| needies ol p. 94 vit t 84° (Found sampie dried 
P 
at room tempx C, 786; H, 129. O requires C, 78 H, 132 
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ether 


Solid products were not obtained by continued elution of the columns wit! 


and ether—-methanol mixtures 


hither @Xtract 


Pheba The brown viscous oil (820 ¢) from the ether extract w triturated 
with methanol (2-5 |.) and the solid separated. The deposit. afte: is] wi vith 
methar d with light petroleu consisted of a sho dmixed 
with las l cryst (15-2 ¢). Extractio er (A; 200 
) lef esidue t ryst mate! (1-69) p. 158—I¢ R iSa- 
tion fro rof { ol ga { ter si dds of 

6°5 Found: +55: 5-8 8: OM 9-6 

( H, | OMe, 9-651 I.R 59. 2874 


‘ 
p 
p 
| 
‘>? 
Calc. H..O: C, H 2 
( 
| 96 
Re of ether—alcoho! 
was wil turated aqueou drogen ¢ 0 e (8 SU0 cm”) 
10 sod carbonate 800 cm?*), 5 sodium hydroxide (10 ) and 


4 
> 
703 cm. U.V.: 255 mu 
: + 
(log e¢ 4-06) 285 mu (log e 4:15) and 322 mu (log e 4:29) 
P ) ) ) ene to an dgimet ind 
hot % eodiun ind Dic CO nirat i hvare ri Tere th 
¢ rs A 418, ¢ 1919), 
2 


AMBIE 


lkaline 


\/ 


Vid t 


sed twice rom « benzene had 


nanne! 
sodium hydroxide 


extracts o1 tion. collection of the brown tarry precipitates and ether extraction 


a 
4 
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1 (12 800 cm*). The extractions were taken as 
nyarochioric acid cl ne a extractions were Waken a 
a es complete when the last two extracts were colourless and the acid extract taken as _ 
complet when t xtractions gave ne ve Maver! tests Oniv a trace of 
The acid ed sod yvaroge cardonate extract ive 
a or pre separates ace ) ether (OU ¢ } 
R of the ite ter g dary ive a dark 
= | ‘ ( ( ‘ n gucts o tc pied 
ae b.p $1 >The vas pre ed and sed in the us er (Found: 
\ ex ( Cak A Ag. 64-6 per ce equ 
re | C1 im salt sep ted as needles from dilute alcohol, m.p. and 
ib) fy si) mn elrac or ive mwovaleric acid 
Ln ¥ | as prepares na e usua er. (Found 
Ag. 51-9: equ Cak C.H,O, A Ag, 5 per cent; equiy WV. 102) 
I he t separated as needies trom dilute aicono m.p and 
of the soivent cise ired waxy solid (30 1 .p on repeated 
cryvsta ene-—mel ads M cs ad p undepressed 
(? a on admixture with palmitic acid. The acid was insoluble in water but readily soluble 
in sodium hydrogen carbonate. de, p ith ice-cold aniline he 
id chloride, and crystal 
m.p. 89-90, undepressed by palmitanilide prepared in the same ; 
Ether } e 10 sod m rbon ite and 
é 
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of the aqueous layer, gave in 


respectiy ely), al 


both cases, black sticky residues (9-73 g and 24-31 g, 
and drying 1 > sol The extracts contained 


No crvyvsta | 


al s were isolated in 


roma 


celite (1 1) 


ua inner gave 


yrange): NaOH 


Lila 


lisat 
mixed 
C,.H.O.N 
Regeneratio! 


5 per cent) 
from the picrate by ch 1vl acetate or 
alumina gave skimmuian 


ine, colourless prisms from 


mixed 


467 
> 7 large quantities of p lobaphenic material 
attempted purificatio y acetylation or by chmmmmatography on magnesia— 
ok a or alumina columns, apparently homogeneous brown bands being obtained in all 
Cases 
Paper chromatographic investigalio! Forestal solvent the US ~ 
the following results Na. CO. e Te R, 0-72 (orange) and 
} in 0) irochlo: d extract was basified with 
san ing tne ummy precip te (4°45 ed | Repe ited 
Iractiona sta Or ro eT acetate and ag etnyvi acetate—lght 
) | k ess rod (2/4 n ) n 64—16* ised Dp 4 4.4 hy 
phebalin by mixed m.p d the infra-red spectrur [he product gave a negative 
tive ind 1 10¢ Ca pe es \ se rec ged ear»riie 
947 4-84). 305 L-O1). 32% 1333 n 3-90) 
a Calc. for C,.H,,O.N. C,H.O-N.: C, 49°8: H, 3 OMe, 13-5 per ce 
fear tat 2 depressed dicta ne ted the 
ilo Sin raiced hy firt rvct at 
g) CC olouriess needies { p Ve used ecrystaliisa 
above | pic Lic ed CCUICS AliVl ACU 
> 
iy iy 
(e) Colourless rods (40 mg), m.p. 162—-165°, raised on repeated recrystaliisatio 
irom ethyvi acetate p. i/4 ndepressed Dy pneodaill 
The basified aqueous solution was extracted with ether (5 2 1.). It then gave a 
Was and di ng and 0) © soivent,. WaS taaAc up } 
and treated with excess of hot ethanolic picric acid The crude picrate mixture 
j 16? mn tr tins } no cm?) o 
(1-84 m.p. 162-104 (decomy ) on extraction with not ethanol (2 cm gave, 
as the major fraction, pale eedies (SUU p. | ree recrystal 
Man gave ne paie needies OF SKI i picrate, m.p. ana 
V¢ (Found ( 49°4 H N 11-5 ( alc for ¢ OWN, 
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m.p. 177°. LR. (identical with authentic skimmianine): 3175, 2976, 2874, | 

1550. 1508. 1497+, 1451, 1391, 1383, 1323, 1295, 1271, 1238 1217, 1152, 11 

1058. 1043, 996, 987. 951, SSS R73 86. ROD 6. and 741 cm™ 
Steam-volatile neutra The dark ether solution remaining alte! 

fractionation was ed with water until the $ s were neutral, dri 


remaining 


623, 1580, 
177, 1094, 


chemical 


d and the 


ft 
solvent removed Ihe dark viscous (i222 @) was tnen team-distiiied fo! 6 hr 
after addition of sodn chiorias The ste Wa eparated DY 
addition of ether (50 « ind by ethet Teal the aqueous distillate 
alter saturation wit Od ) Re Vali ent u der educed pressure, 
fram ti i. | SSeT oO {3 
Non stea ra uO tea G val 
2hr. Et emoved by « ed a 
was d in be 0 ited 
> | | py VA) and 
de tethanol (3 0) cm*) irated 
two furt em the solve ve bro esins 
a (15 } cl ould m ) li C ic 
Or | 1 by ace P r¢ phic the il manne 
gave t ible fraction, R 0-96 (red): ethanol soluble j 
Phehalarin. The brown gum @), aller removal oO! the solvent trom 
La 
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the aqueous ethanol 
(B; 2 25 cm”) 


The sparingly ethanol 


with hot acetic acid (20 c 


solution 


obtained from A, 


soluble residue (4-92 g), m p 


m*) left phlobaphenic material (4-5 g) 


was 
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treated with hot ethanol 


360°, on further extraction 
Addition of water 


(10 cm*) to the cooled solution deposited a pale yellow crystalline solid (373 mg), 


118 
126 


3546, 


116 


125 


m.p 
m.p (Found: (¢ 


ILR 


Phebalarin was 
sodium carbonate with a 
chloride. The su 


solution, change 


coolins 


(the aqueous lavel and 


black non-nitrogenous impurities (210 mg), by extraction with hot ether (4 


61-3; 


2985, 1709, 1621, 1582, 


insoluble in 


stron 


kaloid ul 


H, 6:1 


1034. 997 


sodium 


wall 


yaroed! 


gave alkaloid tests) 


1563, 1546, 1520, 14757 


ydrogen carbon 


7) separated and washed well with 


Recrystallisation from ethanol gave pale yellow needles of phebalarin, 
be 


C,;H,.O, requires C, 61-2; H, 6:2 per cent). 


1460, 1425, 1399, 1385, 


ate Du ve n aqueous 
with ferric 
o give a yellow 


hydrochloric 


aporation deposited 
360. The product 
in methanol 
ming to 


soly ent 


sufficient 


ne picrates 


onia with 
walel 
The gum was separated from 


25 cm”) 


it, 7 1337, 12567, 11967, 1157, 1117, HT , 920, 841, and 795 cm™. U.V.: 4,,, 
~ 
2 ‘ IAS 229 
he 225 mu (log e 4:24), 236 mu (log ¢ 4-16), 245 mu (log e 4°18) and 332 mu (log e 4-25). ~ 
coloration. Its 
senate | le 
Vol ° dissolved in concentrated sult 
= " > 
2 warming to lue-green colour. The 
1958 acid test for flavonoids was negative 
Ellagic acid The ethanol soluble fraction B, on slow ev 
ellagic acid as a yellow microcrystalline powder (1-66 g), m.p 
F gave a dark red colour wit! itric acid containing nitrous ac 
. solution, gave a yellow colour wit tic ack ind sodium 1 
orange-brown o tandi Paper chromato nohic investigation in Forestal 
a in the usual manne! e a single spot, / 0-32 (in reference [4 Kk 0-33). The 
ao spot was violet unde tra-vioiet ht. vellow in the presence of ammonia/u.v. and ; 
Phe droven carbonate. 10°. sodium carbonate and 5 
— sod groxide extract ( cid li ve rown ta Y precipitates, 
2g ind | esp | extracts contained large q tities OF 
phlobap! ic Ic ‘ Ni \ prod VOTE ed {tel pu cation 
( esia—celite (1:1) or alumina colul pparently 
| 1] da ner n shic 
nomogene { as a cases | ipe ( ( ic 
invest n Forestal s ent by the previous method gave the foil results; 
NaHCO, extract, / 0-90 (or e), Na CO, extract, R 0-88 (blue): NaOH 
extract, R 0-84 (orange-red). Each extract gave a further spot / 0-90 
(brown-red) 
The aqueous filtrate after acidification of the sodiut ydrog carbonate traction 
be separated fri the bi ed solut by continuous extended chioroform extraction , 
for 72 hr. the brow trate (15 ) re da large quantit purities 
Further purificati extractio lO ydroc ric acid (4 rom 
chiorolorm solutiot cm”) Tollowed Dy cation and chiorotk traction 
separated non-nitrogenous impurities. The le alkaloid residue (2-3 still retained 
a ia quantit' ny purities ine as ere prese in 
quantity for isolation as insoluble hydrochlorides or by precipitation as | EINS 
irom aiconhotic or chnioroiorm 
Kokusaginin The &8°.. acid extract w 
sand the crude 
| 
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containing chloroform (5 cm*) and the alkaloid content precipitated by treatment 


with excess of ethanolic picric acid. The crude picrate (833 mg), m.p 184°, crystallised 
once from ethanol and twice from dioxan as large yellow needles, had m.p. 212-213, 
undepressed on admixture with kokusaginine picrate (m.p. 217 218°) (Found 
C. 49-3: H. #1: N, 11-5: OMe, 18-6. Calc. for C,,H,,0,N. CgH,O;N,: C, 49-2; 
H, 3-3: N, 11-5; 3 OMe, 19-0 per cent.) Regeneration of the free base by chromato- 
graphy in ethyl acetate on alumina gave kokusaginine, colourless prisms from benzene, 
m.p. and mixed m.p. 171 |.R. (identical with authentic kokusaganine): 3125, 
2941. 1623. 1585. 1543, 1506, 1479, 1458, 1418, 1395, 1360, 1318, 1312, 1253, 1208, 

1138. 1O89. 1046, YSS 945. 858. 840. 794. 771. and 744 cm 

20 and 36 hydrochloric acid extracts, on working up in the previous 


manner. contained only traces of alkaloidal material, in insufficient quantity to 


isolate picrates 
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INTRAMOLEKULARE ACYLIERUNG DER w-(1-NAPHTHYL 
FETTSAUREN 


R. HuISGEN und U. Rterz* 


Aus dem Institut fiir Organische Chemie der Univ 
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Zusammenfassung— Dic intramolekulare Friedel—Crafts-Reakt 

Verdiinnung. die 

Ringketonen bewahrt hat 

capronsdure 

1-Napl thyl-fettsduren sch! 

heteronuclearen Ringket« 

1.4 Verknipfung in Konkur! It 
Die durch die “*Mittlere Tors! 


verschiedenen Klassen det iphthocycienone 


Abstract—The intramoleculat 
benzene series a valuable synth 
been investigated wit! 

cid close the 
for annellation at 7, n 
During cyclisation of 


Steric | dran 


classes of n ipl thoc 


Dit intramolekulare Friedel—Crafts-Acylierung det -Phenyl-fettsdure-chloride in 
den Weg |.2?-Benzo- \ (1) Sowell 
(11) mit n 


Verdiinnung erdtinet 


Die Ubertragung dieses Syntheseprinzips 


einladender als die hier e1 
Interesse bea 


Ringen wi 


4 
on de »~Aryl-fettsduren in hoher 
Vol. sches Prinzip Darstellung von 
2 ibertragen. Bis zu (1-Naphthyl)- 
gem Ring gebildet. Die hodheren 
1958 ing ge ¢ 
VII als neuem Typ von 
»-(1-Naphthyl)-decansaure tritt di 
1¢ Mesomeriehinderung wird in den 
vor allem anhand der Lichtabsorption, untersucht 
i Friedel-Crafts cyclisation of w-arylalkanoic acids, which ts in the 
tic oute to DICY c Ketones with medium-s ed and rings nas 
Fue sition 2 to form 1V. The higher homolog: icids show a preference 
ee a tilable a new type of heteronuclear naphthalene cyclic ketones (VII) 
hth 1) decar cid. the 4 clos co nete wit the type 
aul die Naphthalinreihe erschien umso 
nalig zuganglichen Ringketone erhebliches theoretisches 
isbesondere aie steriscne Meso nerienil derung in mittieren 
Geeenstand eingehender Untersuchungen.’* 
< r 
* Mitt. XII R. Hursgec V. Vossius Wh. ¢ 88 517 ) M XIV, R. Huis ind 
| R Chem. B 90, 2768 87) 
Diplomarbeit U. Rie Tiibingen 1953; Disser ers Miinche 55 
is 1 R. Huisgen und W. Rapp Chem. Ber. 85, 826 (1952) 
; 2 R. Huisgen, W. Rapp, I. | H. Walz und I. Glogger Lie? inn. 586. 52 (1954) . 
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(a) Darstellung der «-(1-Naphthyl)-fettsduren 
oA. Zur Einfiihrung der Fetts kette in den Naphthalinkern eignet sich die Friedel rst 
Crafts-S mit D riden resp bester-chloriden. Diese 
Nap pere e die Isomeren- 
‘ 
‘ 
\ ~ 
1) 
K 
és 


4 
road 
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8 halla dee hier A 1-Nanhthvl 
ubderiegel Tabelle 1 ve 1teit Gie UDC4PSIC ae ler Gargesterite if Vi}- 
Cyc der N p lie Bild es K IV, 
er des Pe \ es 
Vol. 
9 
\\ 
\ (; \\ 
a 
> ‘ 


Osse 


t mit zunehmender 


Typus des | Alkyl-naphthalins 


a 
2 
274 R. Hurscen und U. Reerz 
wo dic Extinktior cil. ir aul knapp dc ben Wert der koplanaren 
\ d | \ theh fuhrt W t der Nap 
» ~ 
Wiihrend d fd ekt \ rd Systems CO-Kern 
zuriickgehende B 0 enR bict an Extink 
a tion einbii ebt sich bei 22 cine neue Bande, die im Spektrum von IN 
as An de! eiche Stelle findet " eine scharfe Bande d |-Methvl-naphthalins 
as (/ 224 000), dessen Speh nin Abb. | zum Vergleich mitaufgenom- 
men wurde. In den Ketonen IV beobachten \v mit steigender R 
> 
uber 
Obersicht: R. Hu Ch 69, 341 (195 
: 
in’ 


Miuttle 


gicses 


tone 


reitende 
6 findet sich in edrigen Ru reits au nge aufge- 
hellt; di ymeren Hydrazone des 8-gliedrigen Ketons weisen die gleiche gelbe Farbe 
iuf wie das Derivat des Acetons 
Offensichtlich vermindert die sterische Mesomeriehinderung auch die Gitterenergie 


der kristallisierten Ketone IV und ihrer Carbonylabkémmlinge. Ob fiir das aus 


Tabelle 2 ersichtliche Sinken der Schmelzpunkte beim Ubergang vom 5- zum 8- 


gliedrigen Ring lediglich riiumliche oder auch elektronische Faktoren massgebend 


sind, bleibe dahingestellt 


Nocl ubscher ch CT det \ Snpektret der 2 4-Dinitro- 
nphenvi-hvdrazone dc Ringketone erkenne (Abt 2 | der veringeren 
on oat A elu nergie zwischen CN-Doppelbind nd aromatischem Kern hat die 
ee M e-Ring-1 Oximen und Hyd cin kere Meso nderung : 
als in d n Ketone Die typische Absory de des 
en 2.4-D IV.» 6 bei 38 1) mwuerleidet 
mit der R eine Vé kil Wellen be liger 
| 
Extinktionsal Die geo en Dinitrophe drazone von 
Vol. 
9 
d 
10CcR 4 
4 . 4 > 
zeigen d M oe 362 ne 63 n wurde da des Aceto! 2.4- 
dinitropne vara des a ireic ndkorpers, gelundel Symbath mit 
der Entkoppelung zwis Naphthalin- und Hydrazonsystem geht das Aufsteigen 
einer neuen Bande bei 225 1 die in den isomeren Hydrazonet miVin 8 eine 
Extinktion von 68 OOO bezw 8? OOO erreicht diese Bande ist wiederum der spektralen 
Anregung des 1|-Alky ilin-Systems izZuordanen V/ lem Ubergang “in 
fliere? Rinege ent mil da 1/ rptior des konjugierten Systems in 
da Summen CATTU Te IDE} 
Auch die Farben der kristallisierten 2.4-Dinitrophenyl-hydrazone verraten bereits 


Huiscen und U. Rietz 


TABELLE 2. SCHMELZP <TE DER NAPHTHO-CYCLENONE IV UND IHRER DERIVATE 


R 


Benzol- 
Ringe 
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Ketor 1?) 63 8? 
ea Bei der Cyclisierung der héheren Aryl-fettsaure ride bietet das Naphthalin- Ve 
systen turve Ss ell ssere Za | Or \ isWwelc keite! ils den 
der! Ve iwune Cl Die Ve mut sic! bereits die Sa 1¢ 
m 7, 8 der Schl der konformativ so ren 9- und 10-gliedrige 
verve Po « (1\ { enel Desi te Sic! 
Frak WW K k 
Or Semicar! er 2.4-D erde 
Die Oxydation der Ringketone mit Permanganat oder Salpetersdiure zu Benzo 
Be! 1? 3 f de Reaktionstyp. s ss die Oxydatio 
ru Be 1.2 1-1 e die M es R $s en die 
Weissgerber und Krube dete Oxy t alkalischem Kalium-ferricyanid 
dic ec KI i ce Nay LIINKE 
bes¢ \ durch di ( der Napht 
die P 
ist t der K Vil der Ringket Dane ¢ 
bei Ill 0 dik des Keto 1 1X, ud 
4 
Me « 
we 
R.W O. K §2, 34 L. Ruzicka und E. A 
Rudo ( 10, M. F.A 1954 
4 as 


~ 
ty 
Vol. 
2 : 
j Ans. 3. Molek ode les Keto 1.7 12) (VII 12) aus Stuart—Briegleb Kalotten 
ae 


Vc 
: 
1< 
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Verhiltnissen in der w-Phenyl-fettsaure-Reihe,” mittels Uberfiihrung in Naphthalin- 


1.4-dicarbonsiure nachweisen. Die Tabelle 3 fasst die Resultate zusammen. 


Eine kurze Bemerkung zur Nomenklatur: Das Keton VII, 12 lasst sich korrekt, aber schwer- 
fallig, als Naphtho-[1’,9’,8’,7’:1,2,3,4]-cyclodecen-(3)-on-(5) oder kiirzer als 8 -Oxo-1,7-octamethy- 
len-naphthalin kennzeichnen Kiirzer und nicht minder eindeutig in der folgenden Diskussion ist die 
12), wobei die vorausgestellten Zahlen den Annellierungstyp und die 


Bezeichnung als Keton 1,7 | 
Zeichen in der Klammer die Stellung der Carbonylgruppe am Naphthalinkern sowie die Gliederzahl 


des Ketonringes angeben 


TABELLE 3. INTRAMOLEKULARE ACYLIERUNG DER (©-(1-NAPHTHYL)-FETTSAI 


higkeit Rohausb 


Saurechlorid Eintropfgeschwindi 


vom IIL, in mMol/Stde 


Schon das Kalottenmodell lasst e1 Erwartung fiir die 1,7(/)-Ketone VII 


keine sferiscne Chinderuneg Der 
kleinste Ketonrins ler sich leidlich oht aever-Spannung a odell schliessen 


ist der mit Die Carbonylgruppe wi labei rezwungen, die 


lasst, 
Kernebene zu verlassen. wie es Abb 
In sch6ner Ubereins 
Spektren der Ketone VII, 7 
Carbonyl und Nap 


zwischen 
erreicht die gleiche Extinktion wie 
des Oxims von VII, 7 12 zeigt 
rote Farbe der 2,4-Dinitropheny|-! 
von IV. 6 


Da die intramolekulare eaktions- 


bedingungen nicht vol in 
ve} rt sichen 


mit der ungehinde 


o-Bindungs-Zwischenstufe d 
Zentrum, das der Carbonylgruppe keine 


sches 
Das 
konjugierte System wird e1 in der menden 
Folgereaktion ausgebildet Die Begriindung liegt vielmehr in der Sta ing der 
kationise hen Zwischenstufe Von dem Hyperkonjugatior seffekt der Methylengruppe 
1 | profitiert die Substitution in den Positionen 2,4 5,7 


der Fettsiiure-Seitenkette u 
7-10 nur mit einem Ubermass 


Der Ringschluss in 2 kann bei den Séuren III 
ungiinstiger Konformationen inder Polymethylenketteerkauft werden ie Substitution 
in 4 zu IX wird von der Baeyer-Spannung erst von IX. n 13 an erlaubt. Da die 
Acylierung in Stellung 5 eine wesentlich gréssere Spannweite des Ketonrings erfor- 


dert, bleibt die Position 7 als giinstigste fiir die Ringangliederung Ubrig. 


REN 77 7-10 
Konstitution de 
in d.Th Ringketone 
Vol. 
1958 7 0.56 3.5 Vil 11 (7?) 
0.76 9.6 VII, 12: Schmp. 134 
0.64 9 3 Vil.» 13 (7?) 
IX, n = 13(%) 
10 0.62 33 VIL. 14; Schmp. 10 
IX,n= 14 
fiir das nichsthéhere Homologe zeigt 
il ael Mi ae racl tul sprec Cl die Ve 
_ in Abb. 4 fiir eine uneingeschrdnkte Koppelung | 
nke1 Die Bande des en Systems 
vainl\ 6(Abb. | Au e UV-Absorption 
ie Ke anaritit des 7-Bindt systems an Die 
drazone von VII, 7 12. 14 ist die des Derivats 
4 
a 


R. Hussocen und U. Retz 


35 


BESCHREIBL 


edene, bel 


tin-Reduktion® 


4 
5 4c 30 * 10 
+ 
2 
fe von n=l2 
iy | V 
1 
_/* 
VERSUCHI 
Darst ine det (1-Naphti dure 
Die 1 ( ct dure e M esicl 
sigen Thionyk ds aus I kris Schmp. 65-66.5 (54°") 
eT iis 4 a Tih t Succinan! arid erwies sic! die 
Acviie t B estcr~ Die Krist sation det 
is ere -1-Napi Eisessig gab annihernd reine 
2-Nay yi-verbind d is der M erlauge mit Wasser abgesch 
119-120 schmelzend Isomere wa ch ein (Schmy 41-132). Auch 
andere Trennungsmethode ben keine isomerenfreic 1-Naphthoyl-sdure.*” Eine 
a Reinigungsméglichkeit bot das Umlésen der bei der Clemmensen- Mar 
erhaltenen y-(1-Nap yl )-butte 
oO. ¢ A Buch ( 65. > 4 
L. Drak Ww. Cc. Mc\ ci 4, 464 M.S. N R. B. Taylor, T. Hodgson ; 
ind A. B. Garre 1A ( Soc. 69, 1784 


Mittlere Ringe—XIII 


(All, m 5) 


3-(1-Naphthy!l)-n-propanol. 0,48 Mol. des bei 140—142°/0,5 Torr iibergehenden und 


bei 35,2—36° schmelzenden wurden in 300 cm* 
abs. Ather gelést und in 0,25 Mol. Lithium-aluminiumhydrid in 270 cm* Ather 
innerhalb 40 Min. eingetropft und noch 2 Stdn. riickflussgekocht. Nach saurer 
Hvdrolyse erhielten wir das Carbinol als farbloses Ol vom Sdp. 125-127°/0,01 Torr; 
Ausb. 96°, d.Th 

3-( 1- Naphthy!)-n-propyl-bromid Carbinol wurden mit 140 cm’ 48 °.-Brom- 


wasserstofisdure und rotem Phi tdn. gekoc 
cm konz Schwete al weitere 0 stdn 


Aufarbeitung mit 


n’ abs 
l-propyl- 
flusskochen 
/0.01 Tort 
Die alkalische 


Ausbeute Die 


*n wir mit 50 ¢ Atzkali und 
elykol Stdn. im 130—135°-Olbad. 


62, 221 


j 
4 279 | 
zum Sieden erhitzt. Nach 
das Bromid bei 127—-130°/0.4 Torr in 94 
Ausb. Uber 
Vol. Valonester-Synthese. \n die Lésung von 0.40 g-Atomen Natrium 1 
2 Athanol wurden 0,66 Mol. Malonester ut dann 0,174 Mol. N , 
CR 
19 bromid unter Riihren bei Raumtemp. eingetragen. Nach 6-stdg. R 
destillierten 0,131 Mol. »-(1-Naphthy!)-7 nsdure-didthylester 
1- Naphthy al nsdure kam aus Petrolither in farblosen Nadeln vom Schmp. 
( H,.O (228.28) Ber ( 78.9] H O¢ 
Gel ( 78.78 H 7.10 
Die Saure HI, » 5 wurde bereits aus Ill, m 4 durch Arndt—Eistert-Ketten- 
ir ng bere Bei der Nac den 48°, d.Th. an 4-(1-Naphthyl)- 
fiir die Bere er Me lie ebene 
Mc Auch die il das D dargestellte Sdure 
e-(1-A 
\ In eme gekuhlite Gr ird-l 70,0 ¢ 
reine Bro nht 0338 M nd M 250 cm 
\ de rund tel S ff 34 ¢ trockenes 
Cadi chlorid | se inn O Mu Nach 40 Min 
Ri cl Osste Teil des Solver dest ert ch tz von 
100 B | a R st de \ el \ \ Re . 
das erneute Suspendiecren in 200 cm’ Benzo vurde inter } | ynieren 
iusgel t. ul z immenballen de unléslichen D -cad ums ZU 
verhindern. Unter Kii g wurden 58.0¢ Ady e-iithyleste d (0,302 
Mi 50 cm’ Benzol eingetropft: je 1 Stde. Ruhren bei 40° u e1 Siedetemperatul 
brachte die Reaktor Abschluss. Nac Autarbeitul erd. SC efeisaure 
und Athet mung de |-Napnti } iti Del 190—200 Torr 
iber $5.32 (65 d.Th.). Die Verseifung methanolischer Kalilauge gab die f 
: freie Sdure (99°, ils langsam kristallisierendes Ol 
37 cm® 80°,-Hydrazinhydrat in 250 Diithylet 
W. Bachmann und R. O. I J. Amer. Chem. “EEE 9 (1940) 


7 
220 R. Hurscen und 
\ B ch I 
j 
a 
( 
» 
( ( rt 
A, 
Bh 


4 ; j 
' 
- 
~ 
4 
. 
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S I elen 33,5 g Ketoester (75 1 Th 
cs en aus Benzin bei 
Die Wolff-Kishner-Reduktion mit R 
" er { ue ester vom Sdp 
27 ergetriebenes Priparat Ibchen bei 
C..H,.O 27 > 
‘ ere Ke ester 
er K 44.8 0 Ke 
1) 7< 
) 
2 id 
ry 
3 


28) R. Husscen und U. 


Priiparat vom Schmp $9..63.5 Die reine «-(1-Naphthyl)-palmitinsdure kristallisierte 
aus Petrolither (40-60 ) in farblosen Drusen vom Schmp. 65 5-69,0 


2.56) Ber. C 81,62 H_ 10,0! 
Gef. C 81,61 H 9,75 


“4 
Da die Siurechloride der hdheren Nap thyl-fettsauren nicht me 
io fliichtig sind, verzichteten wir auf die Destillat d verfuhren folgendermassen ee 
20-40 g reiner Carbons urden mi Moliquival. Phosphorps 
$0—100 en hs. Me d 1 Stde Sieden Das nach 
im Wasserstra ib ckbieibende 5S a cist als Erge 1 
Die App itu gd Aus de Hoc s-C vc 
. aa fiillt. Schon w e Stunde ch Be etzte « Dunke der Cyclisix 
lésung ein, de d die Ausscheid juner Kruste n Kolbe 
und Riihrer anschloss 
und Wasche \ den die Krust et und aus der Hulse 
Se ibgetrennten Be Be chliessenden Trocknen der Be 
ry L } ler 
4 
i4 
: 
j 
4 
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-Naphtho-cyclen-(1)-one-(3) (1V) und De 


922 
4,5-Benzo-indanon-(1) (IV, n = 5) 
Das nach™ bereitete Ringketon kristallisierte nach wieder er Hochvakuum- 
7 sublimation in Nadeln vom Lit. Schmp. 120-121 | 
Pista Us a Oxin W enn nicni anders beschrieben, wurde die Oximierung durc Koc en mit 
4 
M: 253 4? 000 
: az Aus \ ric sierte das De P e vom Zers ’ 
_— punkt 270° nach Verf ng gegen 25 
) Dinit Die Reaktior sich mit de lh sch- 
ers schwefelsauren Reage eim Stehen in der Kilte. Nach mehrfachem | sen aus 
Q ssem N en die schwe chen leuchtendroten Nade ei 29] 
190C 
u.Z 
( ON (36) 22 Ber ( 6? O®’ Hd 
aout Schwefelsiure.* Aus | n kam das Ket Blattchen \ Schmp. 95,5-96,0 
Aus Me P sme n Schmp 7 7 A5_164-2 
Beim 5-stdg. t Semic d-c drat und Natrium- 
Schmp. 244-24 247-25 
) 4-] We e Stabchen, die sic ach Ur € u el 
C.,H,,O,N, (376.3 Ber. C 64,52 H 4,27 
Gef. C 63.82 H 4,29 
Die S eters eoxvd de ter de 4-Dimethyl- 
40°. -Salpeters e Einsc € Der f e Eindampt- 
‘ 79, 
de 2¢ Me erischer D -| 
eres der Te este slerte eXa 21 n Schmp 
2-N 3) (IN 
Aus I5e¢lll wurde! ch der Verdiinnungs-Cyclisie des Saurec rids 
A \\ \ 
G.S M 62, 65 2 
K. W 2768 


R. HursGen und U. 


13.3 o des bei 120—123°/0.01 Torr iibergehenden und bei 59-62° schmelzenden Rohke- 
tons erhalten. Aus Petrolither (40-60°) kam das Ringketon in derben Spiessen vom 


62.7 


Schmp. 62,3 


H,,O (210,26) Ber 


ms nicht mehr. Das 


steiie Maximum be! Nn nil 7 ntspricht ganz dem des |-Methyl- 


naphthalins 


284 
C, 85,68 H 6,71 
Gef. C 85,64 H 6,5 
Oxin Aus Keton wurden 0.89 ¢ Oxim erhalten. Aus Alkohol in Nadeln 
vom Schmp. 179.7—180.3 Mit n UV-Absorptionsmaximum bei 240 mu ist die 
C,.H,,<ON (225,28 Ber ( 9.97 6,71 
Gef. 80.26 H 6,78 
| Ve 
Sen \ \ KTISt | isicrien I Cl dk BI tiche! vom Ip 
241,0-242,5 1! 
C..H..O.N, (390.39) Ber. C 64,60 H 4,65 a 
( 64.64 H 139 
7u et a ‘ der Mutte e ell os lsomeres. das aus 
Alkoh« enen Nadeln vi Schmy 65 166.5° kam 
Gef. C 65,35 H 4,75 
phansa 2s ‘ ester d Misch- 
1.2-Naphti clo 1\ 
D m Hoc ( erte Rohprodukt \ benzolischer Lésung mit 
Natror d W ‘ ‘ Aus de ( senkol be das Keton be! 
1S9-165 lo in \ Petre tne ‘ ( eine Verbindung in rhom- . 
( H,.O 924,29 B ( H 7,19 
Gef. ( 85.45 H 7,0 
Die Reakt sede K tallisat von breitem 
‘ Scl ( eine Cie cle etrischen lsomeret Der 
- | ‘ kK te ¢ CS lieften pera- 
7 turk ‘ Met Niod mp 182.5 7 
C,.H,.ON (239.30 Bet ( 80.30 H 7.16 
Gef. C 80,18 7,08 
Das UV-Spektrum zeigt die Bande des konjugierten Oxi 
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Semicarbazon. Aus 60°,-Alkohol Nadeln vom Schmp. 193,5-195°. 
2.4-Dinitrophenyl-hydrazone. Beim Umsatz mit dem alkoholischen Reagens in der 


Wiirme schied sich das schwerer lésliche Hydrazon als roter Kristallklumpen aus; 
nach dem Dekantieren kristallisierte beim Erkalten das leichter lésliche und heller- 


vefiirbte Isomere aus. Das erstgenannte kam aus viel Alkohol in orangefarbener 


Polyedern vom Schmp. 195-196 


iper | Pol 
0 ‘ Ke 10) °’-Salpete oben) 34 mg 
Benzo 4- el e Me lester-Sc p. 126-127,5 
Die tramolekulare Acylierung d S ec rids Bk Sdure gab nut 
0.51 ¢ eines gegen 140°/0.01 Torr ul € € ten Ols. Nach erfolg- 


r A 7 B \ der unteren 
henvl-} Umldésen aus Methanol bei 232-234° u.Z 
schmo Die A } 7] eZ7O0LC Rohket 
CH.O,N, (418.44) Ber. C 66,01 H 5,30 
G ( 66.12 H 5,24 

delt d Vil UV-Maxima 

ind »30 a ] d 12 2 
( ne de (1-Na 

7wei gleichartig durchgeftihrte Ansatze lieferten 9.¢ bezw. 7.7 d.Th. an destil- 
liertem Rohketon. Nach Entséuern mit verd. Natronlauge—vor der Hochvakuum- 
destillation fuhrte diese Operation Zu! Bildut rtnackiger Emulsioner ging das 


Keton | 140—150°/0.001 Torr aus dem M kélbche ibe Beim Stehen in wenig 


Anteil der Mutterlauge iberwiegend aus 


1 | } tor 
ks sei hier scnon ont, Gass dei 


dem gleichen Keton beste Aus dem Ol wurde nimlich das gleiche Semicarbazon 
erhalten wie aus dem kristallisierten Keto Auch die chromatographische Reinigung 

nis 7 rect in le iol 
des Ols mit anschliessender Ferricyanid-Oxyacation gestattete uns den Nachweis det 


|.7-Annellierung Im folgenden werden nur die Reaktionen des kristallisierten 


O.N, (404.41) Be ( 65.33 H 4,99 
Gef. C 65.52 H 4,93 
4 ia Die langen Spiesse des gelben Isomeren schmolzen nach Umldsen aus wenig 
Gef. C 65,11 H 4,73 
Vol. | 
2 Der bei 169—-190° liegende Mischschmp. zeigt, dass es sich um Isomerie, nicht : 
Pett la 
Ketons beschrieben. 
ve 


R. und 


HO (252,34) Ber 


Gel 


18 


1 n aus Methanol zeigten die Nadeln Schmp 


Ber 


Gel 


36) 


(267 


109.40) 


Ber 


85.67 


RS 45 


SU 


80.7] 


H 
H 


H 
H 


) mehrfachem Umlésen aus wenig Petrolither (40-60 ) schmolz das Keton bet 


7.99 
8.09 


& 
ak 
286 
Nad 
133,6-134 
79) 
Seuicarbazen. D Methanol umkristallisierte Derivat schmolz bei 215-217 
+35 wurde oberhalb 220° wieder fest und zeigte bei 264-267 einen zweiten Schmp aa 
C,,H.jON, C 73,75 H 7,49 
Gef. C 73,54 H Vv 
Ret 2.4- Dinitrophenyl-/ D on in der Kilte sofort abgeschiedene Derivat 
( H.,O,N $52.4 Ber ( H ) 
Gef. C 66.64 H 5.61 
Nach dem Erk Filtriers Schwe ert und 10 Std 
mit Ather Der Riickstand nach A des Aethers erte bei 
' 
nd M » } 
7 \ B Koche 
“ mit 2.5 Mi \ \ die Dx 
+ rclbe 06.410 
‘ 
C..H,.O.N 473.4 Be C 634 H 40 
fing of 
Di keit des Kohl ne nur sehr langsame 
Oxved We Ke tofl 
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Cyclisierung der w-(\-Naphthyl)-pelargonsdure (Ill, m = 9) 


Nach Entsiuern ging das Rohketon bei 140°/0,01 Torr aus dem Mikrokélbchen 


als gelbbraun gefirbtes Ol iiber. Die Entfarbung gelang durch Passieren einer kurzen 


Aluminiumoxydsiaule in Petrolather-Lésung; keine Kristallisationsneigung. 
C,,H..0 (266,37) Ber. ¢ 
Get 


Die UV-Absorption ist der von VII, n 12 aihnlich, jedoch ist die Extinktion 
geringer. Die | rsache liegt wohl im Vorhandensein eines Gemischs 
auf die hier bereits einsetzende 4-Acylierung gab die Oxydation mit 40 ",-Salpetersaure 
im Rohr (S. 283). Die bei 216—-220° schmelzende Spitzenfraktion gabk eine 


Einen Hinweis 


bei 175 
Depression mit authent. Benzol-1,2,3,4-tetracat 
rune der m-(1-Naphthyl)-caprinsdu mm 11) 


10’'-Oxo-1.4-decamethylen- 


10 -Oxo-! cametn n-naphthal 
naphthalin (AX, n 
Das Rohketon 


dem Claisenkolbe 


hei 160—165°/0.04 Torr aus 


ristallisierte 


das blassgelbe Ol ni 


Vol. 
? n (VII, n 
1958 
tsiuert und destillierte 
(6.69 2). Auch nach Reinigung an Aluminiumoxyd 
(280,39) Ber. C 85,67 H_ 8,63 
an Gef. H 85,69 H_ 8,32 
Wihrend die Salpetersaure-Oxyd n wieder die 
oo mit Schmp. 225-229 s schwerlés es Produkt zu isolieren gestattete, liess die 
Ferricvanid-Oxydation keinen Zweifel da dass ein Gemisch isomerer Ketone 
| orlieet. 750mg wurden mit 50¢ K ferric id und 10g KOH in 300cm 
mittel weitere 24 Stdr ndelt. Die Auf wie ober Sublimat 
mt ww) 210) 1) | 1) ne;°re | 1) noiZz 
na | ry | GS S 7 a ‘ | mit 
cine ‘leichen S end Priiy it n A + . 
de der Miuschsc p. mi 
7-Nay i este 10 
Aus d en M der N $-dicarb e krist erter 
Fine S 90-29% Der bei de 
\ D 
D | K lurch ¢ in 
\ d e 80 P Die | 
1 mehrerer 1 de mit > 
r A ce 1) ce \ e durch 
H ku 
G. Lock R.S Ber. D 84 . 


> .. 
K Vil | 1X i 
J 
tg 
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OXIDATION OF AROM AMIN] LN] L\NILINE IN 


| 
PARTICULAR 
on 
| 
Abstract 
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H 
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ethanol as solvent and commercial oxygen as oxidising agent The copper—amine 


complex is first allowed to form in the evacuated apparatus, oxygen is then admitted 
from th tte cipitate of oxidation products soon forms 

yn can be seen from Fig. 1, in which the oxygen uptake 

time for 0-01 mole anil methanol and 

take ends rather abruptly, the 

(copper compl recipit ia | amount 


acetate 


art 
reacuion 


that cak 


liquor ul 
ilcohol 
proved to be rather 
up by treatin 
oxalate precipiti 
solid which sepa 
vieldil 
NaBrO., 
quinone 
still unsolved 
Condensa 
oxidation 
zine. The latter con 
o-phenylenediamine 
over, it 


of o-aminophen 


: 
of oxygen consumed deing practically prope Lit al OUTIL OF COT 
origi ly added Addition of another portion of copper acetate causes (he 
to cont ue until eventually the aniline is completely Dec consumed 
and 3-aminopheno) amount oxygen c ed corresponds with 
oe HEE ulated on the basis of the reacts leac to these products (cf. Experimental) Vo 
3 A 
NH 19 
2 
NH 
oer The reaction mixtures were analysed by sep on of the precipitate from the 
sequel extraciio of the pre pitate wil el Ol | 
cts contal ene Ihe copper cont: precipitate 
washed with water and crystallised fro 0) ethanol, 
tical wit SUUDSLANCE O | ea | ation a e will 
ae Majima." Its constitution was proved to be ul o-5-anilino- 
eae 
t the momerde NO-Q a problem 
esl won of M 
rt r product and of the co pound ovdtained trom oro! ate 
“ae enazine that proved to be identical with 2:3-dianilino-phena- 
cording to the directions Ke ma ind Cord M 
e to optal im i t-anil by oxidation 
Ge 
tat n the nrecence of f' n le niline 
with Siiver acetate the presence Of two moles OF aniine 
| 
* A fourth, as yet unident pound could unute 1a ¢ reaction 
R.M i B D ( 44, 23 
4 F. Kehrmann and M. Cor e B och. Che G 46, (1913 
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On extraction with ether the filtrate and washing liquids from the treatment of 
the copper containing precipitate with the ethanolic oxalic acid solution etc. yield 
the poorly water-soluble 3-amino-phenoxazone-2. This could easily be identified 
as it is the main product obtained upon oxidation of o-aminophenol by HgO® or by 
an.” 

Although full details of the mechanism of the catalytic aniline oxidation will be 
discussed in subsequent papers, we wish to communicate some suggestive data: 

(1) Anilines having one or more methyl- or methoxy-substituents, as a rule are 


subject to rapid oxidation: anilines havi a group ortho-substituted, however, 


are very slowly oxidised: it was observed that m-and p-toluidine, 3,4- and 3,5-dimethy- 


laniline, m- and p-anisidine and f-naphthylamine reacted very rapidly while the rate 
of oxidation reaction for o-toluidine, o-anisidine, 2:4-di-methylaniline and «-naphthy- 
lamine is very low. Electron withdrawing substituents seem to have an inhibitory 


effect: m-chloro- and m-bromo-anilines were found to react very - o- and 
p-chloroaniline, o- and p-bromoaniline and the three nitroanilines were not oxidised. 
(2) The products isolated sugg iat o-aminophenol or the corresponding semi- 
quinone is an intermediate in the copper-c 
(3) In addition to the oxidation, in w h an the only amine present, a 
copper-catalysed oxidation of aniline takes place in tne presence oO in excess of a 
primary of secondary aliphatic amine to y her, partly unknown products 
Whether this reaction is analogous to the oxidation of phenol catalysed by a copper 
amine complex,7 is bein 
(4) In the presenc cupric acetate, ar il 


wit . 
are oxidised 


opper ion 
eaction, 
however, | iderably increased by addition o : may be remarked 
that both C« al salts catalyse an oxidation reaction of aniline with H,Q,, 
I enol with 
ms lead to 
elucidated 
>the anion 
lilies, are 
cupric 
opper 


consists OI a quinonoid 


— 
Vol. 
1958 
roanilines and very rapidly with H,O,. In the case ol 
aniline and p-toluidine this reaction gives rise to the same products as the xidation 
‘ 4 with oxvgen mentioned above In this CONnNeALO it may De mentioned that Mann 
and Sa nders‘ also isolated azobenzen and one-4-anil [rom 
the oxidation of aniline with H.O, in the presence of FeSO, 
pound. 
The oxida i i our gly < Normally 
con ] COmMmpicr 
S es 
QO. Fisc 0. J Ber. D bh Ci 27, 2784 (1894) 
h ‘PF. K Rer. D Ge 39, 13 19 : 
P.J.G.M ind B. C. Saunders P R B 119, 58 (1935) 
a 
. 
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(6) Methanol and ethanol were found to be suitable solvents. In ethyl acetate, 
dioxane and | * no reaction was observed 
duction time to zero. This is also effected by o-amino- 


pounds, such as p-aminophenol, pyrocatechol, hydro- 


involved 1 


on addition 


ibout 


relationships Lo 


ia 
= 
quinone, o- and p-phenylenediamina 
(8) The cuprous ion ts probably the reaction mechanism: 
ee of cuprous acetate no induction time is observed. The same effect is brought aim i: 
f red ne hea Tear 
o-a i (phenyl e, SC ide, ascorbic acid, eSO,) 
As m« the oge lines cannot be oxidised under the 
ee same cond e. Addit of small amounts of drazine to the system, ee 
val Ca ( inn 
For O—CO 1 ture re rrie 
d 
f The t 1 tor f anil ng place in 
ions 
i 
f | ‘ it 
copp c.f. Te d Me 
PFXPERIMENT Al 
: ( Clic ‘ | re 
ee be : ( r. The total of O, consumed 
a tk | nrecipitate | rmed is filtered of id 
repe Cal’ or ic al ( il rem e the unreacted cupri 
1 | ne Vas vs ire evaporated to dryness 
im vacu ‘ StS obe enc On extraction with dilute 
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ammonia and crystallisation from 70°,, ethanol a pure product is obtained. During 


the oxidation of concentrated solutions of aniline as d 


es P 
it 


imount 
orms, from which azobenzene purified by stream 
distillation or sublimati Identification: spectrum 


ield ol 


ILS 


ted H,SO, 


from the crude amino-a 


4 
j 
WE crude product, 1-7 ¢; of pure substance, 1-2 g (13°,). Found: C, 78-9; 
i ‘ 
H, 5-8: N, 15°6. Calc. for C,.H,,N. C, 79-2; H, 5-5; N, 15:4 
l 
The hiack-copper ple p iv | Ol ) Crit it iS 
ae sparingly soluble in dilute H.SO, and HCI; the yell ee lou the solution 
turns red-vioiet via Orange-rec Indica a rapid ¢ er ( ine 
compiex Is Leos subject to che Cal ¢ 5 ea ich 
the analvsis no getinite CONCILUS!I as to | ‘ can 
Vol be dra The results s est that tne iti ) ies of 
“2 
2 n product | N, 10-5¢ Lu N N Mi. 
1958 The copper can be re ed ¢ lo ic 
acid:2H.O (95 g) eth: | (400 ml) cop ex | dded. A copper 
oxalate precipitate iorms, whic y be red \ is ex has 
disappeared, the solut (with o1 it pr red into ter (2-5 
tO ice (SUU ag ¢ Cl ated i 130 } ) “Oppel 
prod ct crystallise et 1 ne p. 
12 d | ) ) ) ) Lnel 
(b.p. 80-100"). At om temperature ]| ee ent, 
ire deposited from 1 {ter solut Yield of tl luct, ¢ ure 
C,.H,-N.O: N, 14°44 
trated H.SO, [he ve 
characteristics, the values of the &K ‘ ) ixed 
melting point showed that our product ts ident compo ed trom 
aniline by oxidation with NaBrO re e direct i M a.” Starting 
‘ | ‘ > 
irom Dol products ah 
Dianilinoph \ ( e-anil (Ig). o- 
pheny e-diamine (0-4 Clal is boiled 
for 3 hr under reflux. On coo reac youre te 
(2U0U mi) in ora ethanol 
221° (cf. Kehrmi and 218-219 [he violet colo yf lution of 
the cryst in concentrated H.SO, b es re 1 H,O. The 
mixed melting point t the ent | wil 
synthesised according 1 e directio i I ( lone n 4:5-dianilino- 
o-quinone and o-phe e-dii ( Cale. for C,,H,.N N, 15-43 
3- Amino-phenoxazone-. On extraction of the fi te the ined 
monoa ove) with ether, evaporation 
A 


G. and E. 


the ether and crystallisation of the residue from 80 ethanol, gave 3-amino- 


pl cnoxvazone 
This compound 


lirections of 


point). 


Hi SO, has a violet ci 


Calc. for C,,H,N,O,¢ 


or leaves containing | mole of alcohol of crystallisation) 
be identical with the product prepared according to 

by oxidation of o-aminophenol with HgO as 

oxidation of o-amino-phenol 


10 depression of the mixed 


rhe solution in concentrated 
ir, turning re n addit atet N, 10-95 
»H,O: N, 10°85 il rC, H.N,O, 


a 
the (EEE Fisch 
well as with the prod 
(identical R, values w 
~ 
Kehrmann and Cordone.* With cont AcO « dded to glacial V 
acetic acid (200 ml) d ‘ \gO lisapp ed pl (2-0 g) and 
and Ag depos \ \ ered ite 1S 
i}, wae ter | oO crvysi sed 
be This « 
009 the 
d 
) ) cK 
2. ¥ 
U ‘ 
4. Re een/re 
Brow 
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With circular paper chromatography the best results were obtained when using 


80° methanol—20°, water as stationary phase and cyc/ohexane as eluent. Paper: 
Whatman no. 1. Colouring of the spots corresponding with the quinonoid compounds 


was increased by HCI vapour. 
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ON ISOMERISATION OF NITROPARAFFINS 


Abstract 


4 
r les an 
NTRODUCTION 
| 
\\ r | 
sted | W ie dk cacted 
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phenyl-aci-nitromethane. An additive compound was first formed, and after losing 


water it was transformed into a blue nitroso compound which was isomerised to 


benzohvdroxamic chloride 


: 
C.H, CH -NOOH > C.H.CH > C.H, CH N—O > C-NOH 
Primary if react with acid chiorides the same way as indicated 
by Wieland Hov when sod its @ tropa ins were used, acyl 
I 
: lerivat leovan 1 ted 
: 
b4 N > N N > WH 
Vol. 
? 
1958 Further ‘ ‘ — 
iy, ‘ 
90-96 
, 
| 
| \\ N 
> 
| 
x, \ \ 17 4 
RJ A Bt, 4 
= 


LU RBANSK!I 


ably a nitroso compound (1), which would tsomerise 


Il. Acetolvysis of (11) would yield an anhydride 


ketene on primary nitro- 


it is evidently 


ibjec ted to acetylation, 


XPERIMENTAI 


lsonne risat 


|:2-Dinitroetha 1 easily be 
prepared is desc! ol 
dinitroethane wit! hydrochloride 


which remained in 

The author of “ aper in collaboration th Dobosz carried out a 
number of experiments using | 2-dinitroethane as a sti ig material to produce 
hydroxylamine salts. Experiments by Levy e/ a/. have repeate Hydrolysis of 
slightly larger quantities of dinitroethane (e.g. 2 g h hydrochloric acid led to 
vigorous reaction accompanied by a considerable increase of pressure owing to decom- 


position of oxalic acid formed in the reaction 
Better results have been obtained when concentrated sulphuric acid was used, 2 
mol. for 1 mol. of dinitroethane. The reaction was carried out in an open vessel at 100 


The reaction is vigorous and to moderate it, du hane was dissolved in glacial 


50 : 50 prior to introduction into sulphuric acid. The 


acetic acid, e.g. in the ratio 


acetic acid can be recovered by increasing the temperature to 120° at the end of the 


reaction 


Hydroxylamine sulphate (NH,OH),°H,SO, was isolated in a crystalline form with 


a vicid ol 75-79 per cent 
When sulphuric acid of lower concentration was used. the reaction was slow and 
required a higher temperature The vield was lower 


Oxalic acid could not be isolated from the reaction since most of it was decomposed 
during the reaction 


_ 
au 
a 
= 
The blue intermediate is prob 
4 to another i< ediate 
(111), and the final compound (IV) 
Urbanski and Gurzynska"™ investigated also the action 0! 
aah paraffins. The reaction also takes place in presence of basic agents, but = ~ 
milder. than with acetic anhydride 
V) of hydro i being formed 
R ( NO O CH : 
OCOCH R 
Vi 
oo ee By acting on secondary nitroparaffins with acetic anhydride or ketene presence 
ot sod icetate in ac i ae ve Of or V1) a ed lt cana OC 
ee It should be pointed out, that Ne escu and Isacescu” tried to act with ketene o1 
nitroparall They obtained a ¢ te compound ice 
acid oni tne case Of nhenvinitrometnhane itropara 
furnish Getinite compound 
ion and hydrolysis of 1:2-dinitroethan 
ke 
| 
: 
Urbatski Rocz. Chem. 2S, 213 (1951) 
<i oe N_ Levy. C. W. Scaife and A. E. W rSmith J. Ch . 1096 (1946) : 
‘ 
rar 


On isomerisation of nitroparaffins 299 


A patent was obtained’® for the preparation of hydroxylamine sulphate from 


:2-dinitroethane 


Preparation of caproiactam from cvyclo/x mone and |:2-dinitroethane 


Novotny!® suggested a new method preparing caprolactam, which consists in 
warming solution of cyc/ohexanone and a primary nitroparaffin in concentrated 


sulphuric acid 


This method was examined and confirmed by Piotrowski-°—one of 


the present authors’ collaborators 


In collaboration with Piotrowski a possibility of using | :2-dinitroethane as primary 
nitroparafiin was now examined Dinitroethar } n gl ial acetic acid was 


| was then 


introduced into concentrated sul 


roduced into the solutio! Acetic acid wa ind Oling caprolactam 


separa 


Pre; araii 


Ten grat 
acetic acid 


The 
aul 


Acetic acid Was removed by al 
After the reaction was completed (this was 1 arked by a fall of temperature in the 
it into 


The 


reaction flask), the reaction mixture was carel 


cold aqueous 25 solution of ammonia, the 
mixture separated into two layers, the lower one f a saturated aqueous 
solution of ammonium sulphate, the upper layet consisted of caprolactam, which was 


dissolved in ether, dried over anhydrous sodium sulphate, and purified by distillation 


b.p. 138-9°/11 12 mm Hg 


The yield was 10°5 g of caprolactam, 1.e. ca 72 per cent (calculated on cyci 
hexanone) 


4cknowledzements—The author thanks Mr Dobosz and Mr. A. Piotrowski for carrying out 


experiments with | 2-dinitroethane 
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Vol. The yield was ca Ment caiculated on cyclohexanone used. 
2 \ patent was obtained for this reactior 
1958 
Preparation of hyd amine suipnat 
ws ; Iwo grammes of |:2-dinitroethane was added in small portions to 3-5 g of con- 
a 
ees centrated sulphuric acid (98 per cent) pre y heated to 100°C and stirred. The 
reaction was Vel rorous due to decompositio of oxalic acid formed during tne 
reacuor 
| e reaction |! was cooled bel w room temperature (5 10°C) and 8 10 ml 
thyl A 1 nitat 7 mit culnhat vas filtered 
of ethyl aiconol \ agaed precif e Vial iic Wa tered, 
ees washed with alcohol and ether. The yield was 2:13 g (/9 per cent of theoretical) 
OF caproiactam 
centrated sulphuric acid, the temperature being ma ; 
reaction flask was kept in a bath of calcium chloride : 
Cyclohexanone (12:5 mg) was added dropwise 
5 
mixture, the temperature being still kept at 120 
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Abstract 


mixtures 
of nitroce 


Sapo 4 


4 
Tetrahedr Vol. 2. pp. Pergamon Press Lid., Londor 
- 
Department of Organic Technology, Institute of Technology saw ) 
(R sJ 1957) 
+ N = - 
forn of NO 
\ 
of Sapozhniko hat the cli ol xtures c acid, c ack 
and water upor ilose 1s related to the ] ipour-pressure of HN 
oh ee ulose and of constant vapour-pressure of HNO 
niko 1 of ¢ 
e hte later repeated and co ed by a number of auth 
: R.I.G D M 2 
Sh. I \ 165 
A. Sap kov Z 49, $1, $3 
Schic Sov 1, 483 4, 44 
ee E. Berl and E. Berk 41, 13 rs 
*F. G. Miles M.M ‘ 4. 
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some remarks on 


O-NITRATION STARCH* 
i number of 


of the present paper a 
} ind 1939 


its on O- 


experime! 


authors 
0 


acid and water 


die 
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nitration 
— The action of over 100 nitration mixtures of nitric acid, sulphuric i 
So \ ‘xamined he compositions varied within the ranges 
15-100 per cent HNO 
0-75 per cent H,SO 
0-75 per cent H,O 
and the weight t {rat starch t xture was [he temperature 
during the reactior it and el I 
Vol. 
\ 
1958 
| ents the ¢ 1.4 gd A.A 
\ nixture etwe curve A,A een cur 1A 
The BB C.C.C. ¢ dt per cent and 
9-15 per ce espective Mixtures with ¢ s betwee curves A, A.-A, A 
‘ VOL D,D J and ¢ 4 4 UULLS Wil 
and 9-15 per cent N 
DISCUSSION 
The curves A,A B,B, and C,¢ are re irkKad a shape to those given 
by Sapozhnikov® and others’:> for the nitration of cellulose 
*7 n“O enote the sters, by analogy 
Hacke rT. R 12. 27 28. 306 (1933): 
VI* Cor ig 7 Budapes 3 
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As with cellulose the region of mixtures which can O-nitrate starch evidently 


extends beyond that containing detectable concentrations of NO,* ions which is 


bounded by the curve \, Vo according to ¢ 1édin” and Gillespie and Millen. 
Thus nitronium ion cannot be considered as the only nitrating agent yielding 


O-nitro derivatives of starch—a statement analogous to that on cellulose nitration 


made by Miles.* It must be admitted therefore that nitric acid itself, probably in 
the undissociated form NO,OH, and possibly also the nitrate ion NO,~ are both 
O-nitrating age for starch. Nevertheless it mixtures rich in NO,* ion which 
give ni of nitration and nitronium ions should still 


be col side red 


the vapour-pressure 


B. and C,¢ 


of HNO, se 
the H,O-HNO, 
HNO./H.SO, ratio running f1 about » 100/0 


upon 


BB. an 
reasing HNO, /H.SO, 
The nitratior Stal 
pletely 


mixtures 


rate of diffusion of t 


posed 


content 


f 
- 
7 
a In addition the rule of Sapozhnikov® on the importance of iy 7" 
1 
It is evident that these mixtures have a relatively stronger nitrating actic 
An mmportant property oO! all these nitrat mixtures 1s their ability to dissoive 
Starc partiyv The ‘ rauo inis re | more 
on = completely soluble is the starc This would account for the trend of the curves oc 
The nitroge content of the products also increases with 
pro Is non in a systen h is either com 
part contrast cellulose, swells Only in 
the uniformity of t es tration even more difficult. Once more 
the importance the ¢ 1ec ine tor of diffusion of nitrating mixture into the 
CELLULOSE ores UDO Lie ec and ) Cu De Poll ted oul Accord 
to Sakurada ine et yn of cellulose can be characterised by means 
of an equation 
is the lume rec aio reachor 
, 
Sg 3” kan k and m are constants depending on the rate SEE he acid into the 
fibres 
It is true that celh so be dissolved in mixtures very rich nitric acid 
but this requires ked de d of the cellulose 
a" om On the contrary starc ch dissolved i tric acid or in the nitrating mixtures 
> a? rich in nitric acid and can De 1solated Dy pour the solution into wate! 
i 
SUMMARY 
O-Nitration of starcl vas examined by mea of nitrat mixtures 
= of nitric acid, sulphuric acid d water and curves relat constant nitrogen SZ! 
in the product to mixture composition were pioticad on a triangular diagram 
| 
Ps 


Some remarks on the theory of nitration 


The following conclusions can be drawn from the experiments: 

(1) Starch, like cellulose, can be nitrated by relatively dilute nitrating mixtures 
which do not contain nitronium ions. This indicates that undissociated nitric acid 
(NO,OH) and/or nitrate ion (NO,~) are also O-nitrating agents 

(2) The constant nitrogen curves all have two branches. The main branches 
follow remarkably well the trend of the Sapozhnikov curves established for the 
nitration of cellulose and for the partial vapour-pressure of HNO, 

The shorter branches correspond to mixtures rich in nitric acid ‘ir nitrating 


action upon starch does not follow the rule of Sapozhnikoy deviation 1s 


probably due to the ability of these mixtures to readily dissolve 
(3) The higher the HNO./H.SO, ratio in the nitrating mixtur the region from 
90/10 to 100/0, the greater is the solvent power for starch and at a! iven HNO,/H,O 


ratio the higher 1s the nitroge 
(4) Comparison of the 1. of mixtures rich tric acid lulose and 
ration of the 


TY 


starch leads once ore 


factor ol diffusion of 


2 | 
1958 
the acids into the cellulose fibres 


STEREOCHEMISTRY OF THE LITHIUM 
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a esic! 


Sic reospec 


Stereochemis of the lithiun cul recductior et ng 
m4 DICVCHIC epoxides second-order! } me c data was TOQUCTIO ol 
4 LIC rotatory power of (R)-butane ) cal bv Fickett tive This 
4 
indicates that dextror itane RR \s 
Vol. 
4 
4 
As in SR 1 (SS) 
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> 
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extract with pentane Irom an aqueous soluli ( potassium NVCroxidce ne yvieid 
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THE STRUCTURE OF PENDULIN AND PENDULETIN: 
A NEW FLAVONOL GLUCOSIDE ISOLATED FROM 
BRICKELIA PENDULA 


S. E. FLORES an HERRAN 
le Mexico 


Abstract I 


Wi 


212 n d e substance has tnrec 
nd ry tat ich regenerates ft 
ind a aiacetat whicn ap iWon ates 


(II). By methylation a pentamethoxy substance (C, 


ethylation a w compound (C,,H.,O-) (1V) is formed corresponding to a mono- 


is obtained 


hydroxy- mono- ethnoxy-! avonoid The Sugar moircty was identified DY 


paper chromatoegr: y and by its osazone as glucose. From the analysis before and 


*W k I I Je Universidad Nacior Autonoma 
de Mexic 
F. Rio de 


ee Tetrahedron, 1958, Vol. 2, pp. 308-315. Pergamon Press Lid., Londor ‘gl 
| “ae 
Inst e Quimk 
R 7 VW 195 
1¢ 
We these specic ch was classified as B lula 
Cont Mexico ¢ 
- 
C,,H,,O0 nfrared (1 ed bands at 3200 ociated alc 60 
: met 09 OH 1838. 794 anc (polysubstituted Lic 
‘ ‘ 
4 
produced specific ve Came to ec s10n 1 the subDsl 
flavor Gg Structure . tituted l i cardo arate 
: new substance ‘tained which we ive called pendulet (Il). Its irical 
17 } nfy ved hand ; {) 
torn 5 =H (). I 1) d | irared | Di gs at Si 
(al hal) honv!) 180 (methoxvis) and 762 cm“ (new band) 
methoxyl 
nduletin 
vhile on 
as 
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Structure of pendulin and penduletin: a new flavonol glucoside isolated from Brickelia pendula 


duletin (11). 
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after hydrolysis it follows that pendulin ts a trimethoxy-dihydroxy-flavonol or flavone 
substituted with one molecule of glucose 

By demethylation of compounds (11), (IIL) and (IV) a pentahydroxy compound (V) 
C,;H,,O0, is obtained which by methylation regenerates the pentamethoxy flavone (III), 


demonstrating that demethvlation does not produce rearrangement.* To prove that 
acid hydrolysis of pendulin does not produce rearrangement, it was methylated, 


hydrolyzed and remethylated. and gave (IIL) 


When (LIT) Was fused with potassium vdroxide t was completely, destroyed but 


by fission in alkaline solution it was possible to isolate p-methoxybenzoic acid. By 
ozonolysis of (111) we obtained the same acid exclusively These facts demonstrate 
that tne phenyl ring B ol pend letin contains only one substituent Nnvadroxyvl of 


methoxyl. present at the 4 positior 


Compound (V) gives a series of color reactions identical to those reported by 
Goldsworthy and Robinson*® for a synthetic flavone the 
pentamethyl ether of ch was posed to be identical with tangeretin isolated by 
Nels Recent R d ep his 
synthetic comp d is difle ere A sample ol p ther 
of the synthetic comp i Gold Rob wed t ired 
Spec OU na (111) did La point 

Fre his t oup f (111) are at 
ind two as! dgroxyis 

lo dete e the posit c di kage pend (1) was met ited 
with diazome ¢ it co i C..H..O,. (V1) re 
water soluble d ste. By d of (VI) we of ec No 
hvydr et et XV pound (VII) ¢ H,.O 

By acet ti Vil tate (VIII) s obtained no 
gave cel ) cid p the glucose pend (1) is attached to the 

hvd «vl DOs 4 
the 4 coside {4 )} or the 4 de ol 
3.4 dihydroxy-S.,¢ et \ one (la) 
Hy : 
Hf 
it) 

A decision in favor of (1) can be reached on the following grounds: (a) Ethylation 
ol penduletin (Il) with excess diet! visulfate and alkali introduces only one ethy group, 
forming the 4’-ethv! derivative (IV). It is well known that ethylation of a 3-hydroxy! 
group proceeds readily under these conditions (cli. the ethylation ol quercetin and 


morin®). On the other hand, survival of a 5-hydroxyl group under similar conditions 


S. K. Muk Ci R 


Qe. 
1 
ade 
ats 
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is well documented.® (b) Treatment of the 4’-ethylether (IV) with acetic anhydride 
and sodium acetate in the cold produced no acetylation of the remaining free 
hydroxyl group. The 3-hydroxyl group of e.g. quercetin is easily acetylated under 
these conditions while the 5-hydroxyl is not touched.’ (c) Fin illy, it is in keeping 
with the presence of the 5-hydroxylflavone system that the boric acid color test 
described by Wilson is positive, whereas a 3-hydroxyflavone without a 5-hydroxyl 
group, such as fisetin, gives a negative test.* 

We conclude that pendulin and penduletin are correctly represented by (1) and (II), 


respectively 


se al XPI RIMI NT 


e sun di Cad 


extracted witl 
concentrated und \ uum »a volume O } fiving a very Vi IS green mass 
which was wa j 2 |. of hot hexane he residue was a yellow powder 
which wi 
from alcohol an 
(1) was obtained wit 
38.166: 23.013 
inal. Calcd. for ¢ 
QO. 37°; 
Calcd. for 3 


: 
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2 (11) R CH 
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ae R CH CH 
(V) R R R H 
ve (VI) R R CH 
(VII) R R CH 
R H 
(VIII) R R CH 
R OAc 
Fe )-§ } nd in a mikro-pulverizer mill and was 
* The microanalyses were carried out by Dr. Franz Pascher, Bonn, Germany. Absorptions in the 
ultravio ret Bech DK2 
wel oO Perk 1K tome Nujo 
Melt K 
6A G k is P j ( { H j 5. 9. 537 
(1888 4.8. Gon M. Nierenst ( 53. 4408 )3 Perk Chen 
Sox 103. 209 (1913) 
QO. Kubota and A. G. Perk J. Chem. § 127, 1889 (1925) 
C. W. Wilson J. Ar Chem. Soc. 61, 230 
’T. B. Gage, C. D. Di dS.H.Wender A Chem. 23, 1582 (1951 
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In order to test the purity of the glucoside a paper chromatogram was carried 
out on WI atmal No hilter papel using n-b it yl ol celtic acid water 40 10 SU 
at 23° and developing over 8 hr. The dried paper was observed in ultraviolet and 


a 
bie light. This showed only one spot with R 
cic af the le (1) 
1) After ttempts to re (1) w ner ce d c acid luck de 
q 
t of H¢ Ihe n ire was 
evap dt lhe resi 
2 
4 
he 
4 
as 
| 
\ 


Structure of pendulin and penduletin: a new flavonol glucoside isolate 


ed from Brickelia pendula 13 


extracted with 3 50 ml portions of et 


ic layer was washed 
eous sodium h xd id ther ith d led 


distilled water until 


illized from ace- 


62-00: H. 4-88: 


neutral and was then evaporated to dryness. The residue was 
a a ie tone—hexane and gave 0-4 g of the acetylated product. m.p. 157-158 
— inal. Caled. for C..H,,O,: C, 61-68; H, 4-71; O, 33-61. Found: C, 
O. 33-9 
a Calcd. for 2 acetyls: 20-00 Found: 21-96 
ie [he diacetate (0-1 g) was saponified by boiling it for | hr with alcoholic sodium 
4 nvar | ne I Was D cessed is isuid | e product I id m.p 
<i 216-2 ind the mixed m.p. with (II) gave no depression. The ared spectra were 
iis 
also identica 
Vol 
5 Vet ‘ Il) 
\ te product (III 35 : er crys thano 
Caled. { ( H..O0.: C. 64-§ H. 0.3 i: 64-8 H. 5°22 
4 QO. 3 
Calcd. > me vis: 41°60 per ¢ 
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extracted with ether ethyl acetate 


The 


On SOU 


After dr 


penduletin 
Robinsor 


exactly alike 


bulked 


organic tractions were 
ate to eliminate the 
the 


iS, of 


solvents the 
(V) 


sto decompose at 


was 


59-01: H 


point 
al 


pe usc d 


with lead 
later turned 


eachions were 


f the dimethoxy- 


iy § ipplied by Sir Robert 


the infrared spectra were 


| tnree timcs Wilh 5 um th 
residue was crystallized twice from acetone—hexane from which 
. obtained. The me point is not definite and the substance begin : 
290 nd chars betwee +14 d 320 na 
inal. Caled C,.H,,0O,: C, 59 H. 3-34: O, 37-06. Found: C, HT, 3-59; 
37.20 
: H of (iil \\ nd 50 ml of 20 per cent V 
pot 77 | cd | ne 
Fa then conce d. d dioxide. B 1 
were ted } 1 | cetone 
< d 2 24 d | ed elting 
the ed spec \ IV). gave an acid whicl 
of OXVD c acid a the cd sp ere ame 
Oror 11) 
> ™ id ‘ | droge! IDSOT bed 
was 150 The « st | ed 1 the re e after removal of the solvent 
was cryst ed | d sub th vacuum (0-01 mm 
and \ } xed melting 
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advantageously 5 if Cases 
( r rea f ntal flavor V) 
Wit yvdroc ric acid d mesiu i pink color was oDta 
= acetate im s in orange precip s tormed that 
brown. With ferric « de a dark e green was obtained. These (mmm 
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Methylation of pendulin (1) 
It is difficult to methylate the glucoside with diazomethane under normal con- 


ditions. In order to methylate it an ethereal solution of diazomethane, obtained 


from 18 g of nitrosomethyl! urea, was added to | g of pendulin dissolved in methanol 


and the solution was allowed to stand for 2 hat time a fresh solution of 
diazomethane obtained rom 10 @g ol ! i ivi urea was added and this treal- 
nt was repeated after 24 hours. At the end he third 24 hr period the solution 


Wad dissol ed 


The column 


ion ol 
and 


product 


icetate (VIII) was 


ve (VIN) 


ite (VILL) (0-075 ¢ as dissolved in anhydrous ethyl acetate and 
ozonized, ¢ n the previous ci nil The « as hydrogenated with 


} 


U | g ol 5 pel ¢ I palladium on charcoal It absorbed 100 n | of hi lrogen The 


catalyst was filtered off and the solvent evaporated. The residue was crystallized 


from acetone—benzene and sublimed under high vacuum (0-01 mm and 125°). A 
product (0-013 g) was obtained which melted at 188-190" and the m.p. was unde- 
pressed when the substance was mixed with an authentic sample of p-acetoxybenzoic 
acid. The infrared spectra of the samples were identical. It is therefore concluded 
that the glucose molecule is attached to the 4’ position of penduletin (II) 


17 C. H. Ice and S. H. Wender {nalyt. Chem 16 (1952) 


aaa 
4 
in anhydrous acetone and chromatographed on “Magnesol” (150 g) 
a was cluled first with acetone, then wilh ¢ i acetal iturated with water and then 
with SU per cent aqueous ctinano!l The desired product \ obtained trom this 
last sol ent aporauol ary Cs cl ion ( water and 
2 } ric id er taste and melted a 26 (da) 20 
1958 45 7 697- 20 695 
° 44 
ina cd. | H,.O ( H. 5-4 QO, 36°39. Found H, 5-63 
O. 36-94 
i 
7 
0 a \ solution of 0-8 @ of (VI) s0 of a 10 ner cent aque ethanolic sol 
hydrochloric acid tor 3 lt iS d OO W 
inal. Caled. for C,,H,.O-: C, 63°68: H, 5-06; O, 31:25. Found: 64-06; H, 4:54 
( ) ? 
aicd for 4 nel 34-63 | und 34-64 
Vethylation of 
Compound (VII) (0-2 2) was methylated by the us technique with diazo- 
methane 0 yf a compound which proved to be the same as (III) by mixed 
me ne nd inf ed spectra 
By acetvlation of (VII) (0-15 carried out as before a mono-acet/i 
| ? 
obtained (0-08 g) n p. (da) 
Ozonol\ sis of the acetate 
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CONFORMATION IN SOLVOLYSIS OF 
3-METHYL-2-BUTYL p-TOLUENESULFONATE®*! 


S. WINSTEIN and J. TAKAHASHI 


Department of Chemistry, University of California, Los Angeles 24, Calif 


p-toluenesulfo- 


hyl-2-butyl 


Abstract 


nate is n Com he bel vior of 3-D-3-methyl-2-butyl to ienesullonate 


with 


IN connection with hydroget participation | solvolysis 3-methyl-2-buty! 
p-tolue esulionate (1) Sa system Th IS as Sl narized lable 


acetolysis rates of the secondary alkyl p-bromobenzenesulfonates. RCH(OBs)CH 
pass through a shallow ma) imatR Pr as R is varied fi Me to 7-Bu.- Hov 


ever, it 1s not easy to conclude that acetolysis of /-PrCH(OBs)CH. ts accelerated by 


fert.-hydrogen participatior since Me substitution not only favors hydrogen 


solvolysis. the sequence of rates for tl arious R groups, Me Et Py f-Bu, 


participation but causes several other effects* For anchimerically’ unassisted 


opp Mil 


steric 


RCCKCH 
in the fertiary series 1s close to zero (Table 1). Therefore, the reactivity pattern in 
solve IVSIS OT H(OBs\( H was taken previo iS a suggeslo OLVOLVSIS 
rate of i-PrCH(OBs)CH. was influenced by a dri force due to hydrogen parti- 
cipation. The relatively high reactivity of the /-PrCH(OBs)CH, member of its 
ol 


series 18 actually oDscured Dy tl solvolysis 


e rough singie-te j * correlation 


rates re d by Streitwiese This correlation, which takes account only\ 


of the polar effect | ibove with the aid of Taft's polar substituent constants.® predicts 


an anchimerically unassisted rate constant / nearly as large as ine observed rate 


f the undeuterate discloses a t isotope effect on solvolysis rate, but only y 
a small eflect on product The evidence | istoa tive *h value of (/ the 
cor Ie MAKC the relatively low degree of rate acceleration displayed by ] 
}-methyl-2-butyl toluenesulfonate 
2 
Baa IS predicted- on the basis of (1) polar and (11) steric accelerative eflects of R The 
| orae! predicted consideratior } yperconyt vative and {iv} 
retarding effects of R 
aes The same set of effects. (1)}41v). 1s associated also with change of R in the series.* 
es, 
‘ * This research supported by a era rom t Petroicu Res c rund administered by the American 
Company: N. \ M Compa 
Vv.) 9 of A 
fia) S. W B } 55 (195 Ss. W B. K. Mor E. Grunwald, K. ¢ 
b 1. Co Amer. Ch 74, (1952 S. Win ind H. Marsha lhid 
Ss. Wir H.M Ibid. 75, 147 (1953) 
‘H.C. Bro nd R. S. A Chem. Soc. 71, 184 
A. Str eser. Jr. Ibid. 78. 4 19 
+. *R. W. Taft, Jr Ibid. 75, 4231 (1 
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constant for acetolysis of i-PrCH(OBs)CH, (Table 1). However, the single-term 
p*o* correlation fails rather badly to account for the rate sequence in the tertiary 


series, RCCI(CH,), (Table 1). 


TABLE 1. SUMMARY OF STRUCTURAL RATE SEQUENCES IN SOLVOLYSIS 


Relative Rates 


RCH(OBs)CH 
AcOH, 25 


from 2-D- 
ymparison 
ienesulfonate 

c acid solvents 
product from solvo- 
in the presence 


sodium acetate involves either loss or migrati 


hydrogen aton nly | per cent of 3-methyl-l-butene (VII) and 3 


rearranged acetate VI were observed. From the 3-D-3-methyl-2- 


a 
RCCKCH 
80", EtOH, 2 
R Obs Calc Obs Cak 
Vol. 
2 Me | -{) { 
1958 3 2-2 65 ) 
p 6-0 0-95 4.4 
wae), HCOO 
be ~ 
[he 3-D-3-methvl-2-butanol was prepare Grigna 
2-propy! Dromide and acetaide ae The OT factors oO 
of Ti orde SOLVO Sis rate constant ot et! i-2-Dul 
and undeuterated analog I are sizable, be y In acetic anc 
(Table 2). As nmarized in Table 3, essentially the whole of th 
; 1 lysis of 3-methyl-2-butyl p-toluenesulfonate (1) in acetic acid 
of a slight excess 0f Of the 
outy! ester, 59 
A 
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per cent elimination was observed instead of 70 per cent with the undeuterated analog 


Also. the percentages of 3-methyl-1-butene (VII) and unrearranged acetate VI were 


increased to 2 and 6 er cent, respectivels 


Product 
per cent from 


3 
ey Vi 
44 
T | 
HOA 
H 
CH | 
y 
‘ and the pe clic woduct ‘ cesses 
sulfonate (1) u ol agepenadent s ‘ 
rate constant diate Il the eri sisted s 
om is obtained unrearranged ac VI, 3-m«e mutene (VIL) gd. Dutene 
ey (VIII), together wi certa unt of rea ed ole IX and re inged acetate 
rate-determining onc An sisted state 
such as IIT yutene (VITT), re IX and re ed ace 
tate X. Asubstantial icetolvsis of 3-me toluenesulfonate 
4 
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(1) is indicated by the composition of observed acetolysis products together with the 


size of the observed kinetic isotope factor 


The observed kinetic isotope factors are of a different order of magnitude from 


those for the secondary hydrogen isotope effects observed in solvolysis of systems*~!@ 
whose structure* does not favor anchimerically assisted ionization. As summarized 
in Table 4, the factor per $-deuterium atom varies from 1-10 to 1-28 for a primar 
to a fertiary deuterium aton idjace {toa rtia cente dis ca. 1-2 for ry. ndar 
deute! um ton dgjacent to a s ce e e Tac r oose ed the rtiai 
deuterium aton n the 3-methyl-2-b systen 2-25. is of the s € rde is that 
observed in the inte ecular electrop c substitut yf shenylcarbonium 
Te oO [)- nrop 
| s e observed isotope fac s. it helps lis sh betwee ee factors 
(i) sotope fac ve fac C ssisted 
de ed 1(4 2 1 Value 
/ ( uc 
1) 
>) 
3) 
4 
| 
meric ssisted The lable eaves 
ope e Te es SUC 1 \ ch rec e 


on pairs. Unde es ec e¢ ce 3 ethy 
75 
\ 7¢ 
} 6 
77 


Vol. 
explicit mention and what their roles are in formation of olefins VIII and LX and : 
rearrang iwcetate X } rther nd \ ire vritte is intimate 
. 
W NJ. 1] 77, 2 5 
oa 


S. Wonsrem and J. TAKAHASHI 


species he type o )-methyl-2-butene (VIII), 2-methyl-1-butene 


(IX) and f-amy the proporti respectively. Both 


an in 


» 
20 
the proportion of cliuminavion and the IX xX ratio are consideradiy higher 
| 
4 | 
4 
R.H 
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CH te 
H ITs CH, 
» 
HC H.C 
Vol. 
2 
10CR H Ss CH 
A [8 
H 
rs 
4 
CH +, ff —OTS 
4 
rs 
x A =) x1 
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Abstract 


either 
appea 
TI 
employed 
seconda the lavioul all chloride 
be better ul 
(b) It explains | ¥ reactivity of poly-! 
mactivity of Viny | 


haloget 


can 


npounds and the complete 
n the reaction 
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F. W. Hoffma: 


4 
Tetrahedr <8. \ 2. pp. 322-325. Pergamon Press Lid.. I lor 
CLAY 
Che yD Atomic Energy Re ib! nent. Harwell, Didcot, Berk 
R is 195 
Cray,! and indepen Kinnear and Perri prepared alkylphosphony! 
or ~ ~ 
RPC + AlCl, > (I) 
PCL, > ALCL, = La ALC 3 
“4 a > R > ij 
nro nies for tor of 
ea There is little evidence however, that phosphorus trichioride will react with 
nism 
4 | is 
the 
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(c) It may be correlated with the mechanistic interpretation placed upon the first 


stage (v) of the Arbusov reaction: 


(RO), P: + RX = (RO), 


(RO), PO. R’ + RX 


In tripheny! phosphite, the nature of R is such that the first step 1s undoubtedly 


ular the resonance 


ceptible to the subsequent eli 


} 


no real evidence that suc 


1] nm hx 
s case however, it follows that ydrolysis 


ypropylphosp! ony! dichlori nay iffer and better repre- 


ay 
f 
v) 
(vi) 
bin stabilised p ph im salt, whic not sus- 
Bad. a phosphonium salt has more than transitory existence 
in the involving trialkyi | es. Dut G ird and (sree ive 
Vol that hen triethyl p | te and opt ictive { )}-l-phenyichioroethane interact, 
2 the pr d cts ine ide dict vi | phenvict VID! ST nate Posse | i put definite 
1958 degree of activity. One may infer that the first step proceeds at least partly Dy an 
SN ecnanis! iccountl | product pred DY in SN, 
proces lr pec! n ne ore RO ps re replaced Dy electron 
— attracting atoms, their nucleoy c power is thereby reduced and the SN, character 
} nad f ‘ ‘ ‘ eactio! 
P $1 det ret { pect nd it 1s 
‘fom d) 7 m mav be i ked to acc the h ir of an alkyl 
phosphorodk dite, ROPC] eactio! 
age 
> ~ 
EtOPCl ALCL, 
so Pr 
| 
' sented: 
, ‘ A. Michaelis and R. Kahne Ber. 31, 1048 (1595) 
W. Gerrard and W. J. Gree I Chem. S 2550 (1951) 


cl AlCl, 


L J 
It depends at what stage (II) decomposes to give ethyl chloride, a point yet to be 
investigated 

(e) It provides a partial explanation of the fact that a diphosphono derivative 
cannot be obtained from stance, chloromethylphosphony! dichloride, 
CICH,PO-Cl 


on the adjacent carbon and phosphorus atoms, which experience shows to De ; 


. Forms he cation in this case would necessitate like charges 
unstable rangeme » situation is however, more complex than 
effect wou inish rapidly WI al f increasing len 
pentamethylene ymide gives only 5-bron tylphosphonyl dich 


ICH,Si( Me),Cl 


RO).PO-CH.Sil Me),O! 


+ RCL + ALCL, other products 
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+ 
isoPr CL 
Ve 
1< 
Me.SiCl, and chloromethyldimethylchlorosilane, CQ. in the reaction 
| The former takes part in the reaction very sluggishly and tn its presence (1 le) 
chil mole) in excess nhosnhor trichloride dissolves completely 
ae, only after six hours heating under reflux. Even after twenty hours, some trimethy! an 
almost quantitative vicid compiex I tel I cs | erence tivity 
may be attributed to the difference in ease of formation Detween the carboniu ind 
| silonium cations in these circumstances, arising from the relative electronegal ties an 
of the carbon (2-5). silicon (1-8) chlorine (3°0) and a ninium (1-5) atoms. 
ae on alcoholvsis aff is a good vield of dialkyl alk eth ; ethvip nhonate 
at the chlorine atom attached to the carbon 
atom reacts preferentially 
Ky ke 
3 4 4 
: ke 
4 ‘ 
where kK, 
C. W. Jefford P ) 
Ps 
: 
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Such a scheme provides for the observed effect upon yield of the order in which 
reactants are mixed, the “ocher products” in (viii) being the more intricate poly- 
nuclear complexes envisaged by Wertyporoch,*® and recently substantiated, by 
Korshak and Lebedev; complexes which although effective in promoting Friedel 


Crafts alkylation are apparently ineffective in the subject reaction. This conclusion ts 


compatible with a current view that Friedel-Crafts alkylation can occur by a dual 


mechanism. which results in formation of the mixture of m and sec substitution 


products obtained from an n-alkyl halide. 


4 
*E.Wertvporoch Ber. Drsch. Chem. Ges. 64, 1372 
a V. V. Korshak ar N. N. I i Z O A SSSR 18, f 4% Che? ibstr. 43, 2930 
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Abstract 
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OLUCS 


=" 
Tetrahedr 1958, Vol. 2, pp. 32¢ 12. Pergam Press Lid., London 
: 
4 
The Dyson Perrins Laboratory, O 
(Receive 23 August, 1957) 
The synthesis « um ans-6-(4 cyclo y/)-9-methyldecal-l-ol, which may be 
regarded as analogues of D ) estosteronc escribe 
kee 
spectacular success of stilboestrol and hexoestrol' as oestrogenic 
substitutes mediately led to a tensive search for equally simple active ana iii 
r 
of other sex hormones. i approaches ¢ eny co sted attaci! the characteris- 
1¢ 
age ¢ ol us Steroidal hor ynes to suitable de Vatives of dipnel yl 
nexane Gide and eve yenz7ene i number olf analogues ol 
androgens Dased on px exoestrol is Dec ved 1 the patent tterature 
son | ese compounds were lleged to possess e activity aimed a whitic : 
linked with the structure of ena normones, eCxce] e case of the oestrogens 
Althoug mits wit woiogical act ty re i una ected by structural 
aiteratvions ive ot vc UC ed. tney una ibtedly VOTY TC tricted: 
and rogenic activity in particul: ippears to De ‘ structure-specific 
: Nevertheless the ope of find r hormone substitutes amongst compounds ‘ 
CH. OH 
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R 
: R 
ba 
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R R HorC.H 
lV 
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fe I M.R j 14, 24 [ 148, 595 (1941) 
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incorporating only part of the steroid molecule has not been entirely abandoned. 
Encouraged by the claim® that the diketone (I) was slightly androgenic it was at 
that time considered desirable to prepare an analogue of D-homo-testosterone 
without ring B (II). Since then several compounds bearing rather scantier likeness 
to the steroids than either (1) or (I1)—for instance (III)® and (IV)'°—have been 
reported as devoid of androgenic activity 

As starting material for the synthesis of the hydroxy-ketone (II) served 1-hydroxy- 
9-methyl-6-o0xo-1:2:3:4:6:7:8:9-octahydronaphthalene (V, R H) which was readily 
prepared from the enol ether(¥ [)"'."* by reduction with lithium aluminium hydride and 


subsequent acid hydrolysis (cf 13) Condensation of the keto-alcohol (V. R H) with 


CH, OR CH, O CH, OR 


Oo C,H,O Oo 
Vi Vil 


dihydropyran gave the corresponding tetrahydropyranyl ether (V, R 
CH,—CH,—CH,) from which 9-methyl-6-oxodecal-l-ol (VII, R 


CH—O—CH,—CH,—CH,—CH,) in its cis-form was obtained by catalytic hydro- 
LS 


genation, and in the frans-form by chemical reduction with lithium in liquid ammonia 


The configurations were assigned not only on the basis of the means employed for 
the elimination of the double bond’® but also by hydrolysing both saturated ketones 
to give two hydroxy-ketones (VII, R H) and establishing the identity of one of 
them (the product from catalytic hydrogenation) by comparison with a sample 
previously prepared by a different route for which cis-fusion of the rings had been 
rigidly proved.’’ The infra-red spectra of the two isomers (VII, R H) differed 
materially in the region 8—15 u 


Condensation of the cis- and trans-isomers 


(VII, R CH—O—CH,—CH,—CH,—CH,) 
with anisyl magnesium bromide, followed by acid treatment gave the octalin deriva- 
tives (VII) and (IX) respectively. Birch reduction with sodium—alcohol liquid 
ammonia of (VIII) gave after acid hydrolysis the #:y-unsaturated ketone (X) which 
could not be induced to crystallise. The infra-red spectrum with a single strong 


band at 5-85 4 and the absence of any appreciable light absorption in the region 
200-250 mu confirmed this structure. Reduction of the trans-compound (LX) with 
lithium and ethanol in liquid ammonia.!® followed by carefully controlled acid 


hydrolysis’® yielded the /:y-unsaturated ketone (XI) as a gum, which on examination 
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egion by ultra-violet and infra-red spectroscopy gave the same 


of the carbonyl 1 
results as the corresponding cis-compound (X): furthermore, a yellow 2:4-dinitro- 


phenylhydrazone was obt uned with Brady s reage 


CH, OH 


i ur . the . r if 5 at . 
‘ S M. Mul ‘ 
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Birch reduction of the compound (XII) obtained from a reaction of 1-methoxy-6- 


oxo-5:6:7:8-tetrahydronaphthalene with anisy] magnesium bromide yielded after acid 
hydrolysis the unconjugated ketone (XIII) which gave a yellow 2:4-dinitrophenyl- 
hydrazone and did not absorb in the 200-250 mu region This was isomerised 


smoothly by means of sodium methoxide in methanol to the crystalline «:-unsatu- 


rated ketone (XIV) with an absorption maximum at 225 mu ( 15,000): with 


Brady's reagent a red 2:4-dinitrophenylhydrazone was formed. With the intention 


of reducing the remaining aromatic nucleus by the Birch—Wilds method."* the keto- 


group of (XIII) was protected by forming the cyclic ketal (XV). Other commitments, 
howevel vented completion of this aspect of the work 

Ihe partially isomerised hydroxy-ketones obtained from (X) and (XI!) had no 
androgeni 
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Vol. 
2 Light petroleum without further specification means the fraction boiling at 
19CR8 60-80 Ultra-violet light absorptions were determined in methanolic solutions: 
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decom- 
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Ve 
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ol 4 On if 25 of ether) | ne rt ke pt at for 
min. then refluxed for 2 hr and finally stood at room temperature I 
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isolated an oil, which on ftraciionatio ave a tore-run whic 
ee gee m.p. 1/4 was solated, and as the main tract the 
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glass, b.p. 205 : 8-2 


requires ( 


obtain fraction 


eluted with n consisten vith the 


structure 
ol (one intense band tn tl arbonyl region at 5-86 4). The pale yellow oil was evapora- 


tively distilled at a bath temperature of 220° at 0-2 mm (Found: C, -3, H; 10-2. 


| 
an 
331 
.0, 
‘ 
73-8; H, 91; OMe, 8-3 per cent) 
6- (V111) 
Be Be 4 The foregoing carbi: 0-55 ¢) was refluxed for or hour wit thanol (25 cm?*) 
ad the iron f trated iro wid: ti then ft re 
into water and the prod ted Alt al the 
m.p | i-¢ ) res ( H 8 per cent) 
Redu n. Sod /5 g) rapid lo a 
q and Atte my ue ¢ ile 200 
Vol. 
d di th 3 per cent 
cid d et ext elded 
d st d 85 H, 10 re res 
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tion from ether t me eum gave ¢ ess prisms (650 mg) p. 11S’ (Found 
C, 79-6; H, 8-9. C,.H,,O, requires C, 79-5; H, 8°8 per cent) 
Re ictiol was added is read soiluuuon of er mg) 
in tetrahydroturan (5U cm”) and liquid 1 (900 cm”) lO n iater ethanol 
(25 cl } Vas dropped SiIOWIV and alte Cl iV ) Wad 
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C,;H,,O, requires C, 77-9; H, 9-9 per cent). The 2:4-dinitrophenylhydrazone crystal- 
lised from ethanol as yellow prisms, m.p. 108° (Found: C, 62-3; H, 68; N, 12:1. 


C...H..O.N, requires C. 62-5: H, 68: N, 12:7 per cent). Treatment with warm 
2 10 | 


before for the corresponding cis-com- 


sodium methoxide in methanol as described 
pound gave a mixture consisting ot z and insaturated ketones The infra-red 
spectrum had hands in the carbonvl region at 5-86 and 5-99 uw. Light absorption 


Max. 220 | 
(X11) 
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added 
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Fractiona- 
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f toluene-p-sulphonic acid for Shr, using a 


glycol (0-5 cm”) a few crystals of 


solution was washed free ol acid and dried After 


Dean-—Stark head The cold 
evaporation of the solvent the residue (430 mg) distilled as a pale yellow thick oil, 


b.p. 165°/0-1 mm (Found: C, 76°6; H, 8-1. ¢ igH,,O, requires C, 76-0; H, 8-0 per cent) 
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Abstract—The organic chemistry of the naturally occurring deoxynucleosides and their phosphate 
esters 1s \ ved 
l'He chemistry of the degradation products of deoxyribonucleic acid has been somewhat 
neglected until recent years, largely ague he relative inaccessibility of the deoxy- 
ribonucleosides and their derivatives. To date there is no convenient method of 
preparing large quantities of the deoxyribonucleosides, though their isolation after 
enzymic digestion of polydeoxyribonucleotides has been somewhat simplified by the 
application of ion-exchange chromatography 

[reatment of DNA with a pancreatic deoxyribonuclease produces a complex 
mixture which has been examined by Markham and Smith* using paper chromato- 
graphy and paper electrophoresis, and by Sinsheimer’ using ion-exchange chromato- 
graphy. Both types of analysis indicate the presence of a number of different dinuc- 
leotides. together with tri-and higher-nucleotide material and in the case of Sinsheimer’s 


results. some small amount of mononucleotide (ca. | per cent). Further degradation of 


this mixture using an intestinal phosphatase p1 eparation* vields the deoxynucleosides, 


or if the monoesterase activity is inhibited, the deoxynucleotides. Carter? has shown 


these latter are not analogous to the ribonucleotides isolated oftet alkaline degradation 
of ribonucleic acid, in that all the deoxyribonucleotides isolated were smoothly 
dephosphorylated by a 5'-nucleotidase 

When DNA is treated with dilute acid under mild conditions, rupture of the 
purine glycosidic linkages occurs, to give a purine-free product, apurinic acid.® 
Under more vigorous conditions, however, acid hydrolysis of DNA gives rise to the 
3':5'-diphosphates of thymidine and deoxycytidine’ together with some pyrimidine 
mononucleotide material (both 3’-and 5’-phosphates), dinucleoside triphosphate and 
larger pyrimidine nucleotide fractions. Since the benzyl esters of the various deoxy- 
nucleotides are analogous in structure to deoxyribonucleic acid, their acid hydrolysis 
was investigated. Both deoxygaunosine-3' benzyl phosphate and deoxyadenosine-3’ 
benzyl phosphate were rapidly hydrolysed to the respective purine and 2-deoxyribose- 
3-benzyl phosphate. This sugar derivative then decomposed to give monobenzyl 

* Present address, Arthur Guinness, Son & Co. (Di 


, C. A. Dekker 
dJ. D. Ss 


A. Dekker ) { 
* A.M. Michelson and R. Todd Unpubl <d wo! yhn ar i Biochim. Biophys. 
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phosphoric acid as the only identifiable product. Likewise the 2-deoxyribose-5-benzyl 
phosphate initially produced by the action of acid on deoxyadenosine-5’ benzyl 
phosphate, was hydrolysed to benzyl phosphoric acid While the two monobenzyl 
phosphates of 2-deoxyribose were hydrolysed at different rates, the 3 isomer being 
more rapidly decomposed than the 5 compound, both were completely converted to 
monobenzyl phosphoric acid after 3 hr at 100° in 0-1 N HCl. Hydrolysis of the 
pyrimidine nucleotide benzyl esters followed quite a different pattern however. After 
even prolonged heating in 0-1 N HCI at 100°, the products from the 3’- and 5'-benzyl 
phosphates ol thymidine and deoxvcytidine were: unchanged benzyl ester, free 
nucleotide and only traces of other degradation products.” These results are in 
agreement with a mechanism involvin referential fission or elimination of the 
phosphate (/ to an aldehyde group) from C, of the deoxyribose units flanking pyrimi- 
dine nucleotide residues or tracts, in the acid hydrolysis of apurinic acid.’” Itis known 
that acid treatment of 2-deoxyribose gives rise to w-hydroxylaevulic aldehyde," and 


this being the case, one might also expect ready fissio1 


of phosphate from C, due to 


the presence of the z-keto 


Some alternative ! t pyrimi lin ucl > Tesiaue 


could aiso occur, 


nucleosides, via the 


action of hot alkali he stab ward iis of urse tl sult of two 


phosphat nkage abilised by glycosidats itl and (b) 


lactors (a) the phos] 


an OH group at ¢ 


,.M.M 


aa 
Vo 
2 
19 

siving rise to both 3’- and 5-monophosphates of the pyrimidine 
3:4 or 4:5 cyclic intermediate 

‘ 

er Alkaline degradation of DNA has not been examined since Fischet ‘ claimed to 
Be obtain ol leotide mixtul rresponding to 3-2—4-0 nucleotides in size, by the 
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Since the deoxyribonucleosides do not contain an z-glycol system, the periodate 
oxidation method of Davoll et a/.!* cannot be used to establish the configuration of the 
glycosidic carbon atom. An independent proof of the /-configuration of the ribonuc- 
leosides however, lies in the discovery of the 5’-cyc/onucleosides derived from cytidine 
and adenosine.'’ Cyclisation from the 5’-position can only occur with a }-nucleoside ; 
the preparation of cyclonucleosides from deoxyadenosine and deoxycytidine thus 
provides a proof of their f-configuration. Treatment of 3’-acetyl deoxyadenosine with 
toluene-p-sulphonyl chloride gave a covalent toluene-p-sulphonyl derivative, hich 
on heating in acetone, rearranged to the toluene-p-sulphonate of 3’-acetyl-2'-deoxy 


-3:5’ cycloadenosine.' 


The analogous 3'-acetyl 5 -toluene-p-sulphonyldeoxyguanosine could not be 
obtained. Treatment of 3'-acetyldeoxyguanosine with toluene-p-sulphonyl chloride, 
methane sulphony! chloride and methane sulphonic anhydride was completely 
unsuccessful. Low reactivity of the hydroxyi groups in guanosine derivatives towards 
certain reagents has been previously observed. While 2':3’-isopropylidene guanosine 
is readily acetylated and tritylated, toluene-p-sulphonylation could not be effected, and 
phosphorylation was successful only when phosphoryl chloride was used.’ 

Toluene-p-sulphonylation of N®:3’-diacetyldeoxycytidine gave a covalent toluene- 


p-sulphony! derivative. which was somewhat resistant to cyclisation, as would be 


expected, since the formation of cyclonucleoside salts is to some extent dependent on 
the basic nature of the purine or pyrimidine residue. and N®-acetylation of the cytosine 
residue might well prevent its occurrence Deacetylation with cold methanolic 
ammonia gave 5’-toluene-p-sulphonyldeoxycytidine, which on heating in acetone 
solution, gave a complex mixture containing cytosine, toluene-p-sulphonate ion and 


sugar derivatives of unidentified nature. While the expected 3’-acetyl O*:5 -cyclodeoxy- 


cytidine toluene-; -sulphonate was not isolated, the observation of toluene-p-sulpho- 
nate ion was a strong indication that an unstable cyc/onucleoside salt was fort ied, and 
that deoxycytidine is likewise to be regarded as a deoxy-()-b-ribot side It is 
likely that the positive charge on N.., with a )—CH, group leads to inst ibility of the 
N.—C,’ linkage aswell as the O,—C,,’ bond, thus giving complete fission of sugar from 
pyrimidine Further evidence of the unstable character of the N ( bona when a 
}—CH, is also present, is found in the behaviour of the cyc/othymidines—n ild acid 
hvdrolvsis vields thymine—and not the nucleoside.'’ These cy derivatives, for- 


mation of which proves the 5-configuration of thymidine, were first obtained from the 
1 J DPavoll. B. Lythgoe and A. R. Todd J. Chem. Soc. 833 (1946) 
17 V. M. Clark, A. R. Todd and J issman . ’ 29 l 
18 W. Andersen, D. H. Hay 4. M. Michelson and A. R. Todd J. Chem. Soc. 1882 (1954 

18 AM. Michelson and A. R. Todd J. Chem. Soc. 521 (1949); R. W. ¢ 1. G. Moffatt and H. G. 
Khorana J. Amer. Chem. Soc. 79, 
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Treatment of 3'-iodo-3'-deoxythymidine with silver acetate in 


dry methyl cyanide containing a little base, yielded a highly crystalline compound, with 
Analysis and its 


iodo-deox ythymidines 


however, none of the properties of the expected 3'-acetyl thymidine 


j it was a cyclonucleoside. Acid hydrolysis gave 


physical properties indicated that 


thymine and 2-deoxyxvlose, while alkaline hydrolysis gave thymine-3 /-D-2'-deoxy- 


xvioside,. indicating 


compo nds 18 in the 


Molecular 
order O- 

The cor 
been confirn y a 
midine, by W an an r oft a sh Laboratory 


in the ripdose serics an 
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The preparation of the abov e-mentioned iodo-deoxythymidines and other deriva- 


tives is of some interest. Tritylation of thymidine under standard conditions gave 


On treatment with methane sulphonyl chloride, this yielded 3’- 


5’-tritylthymidine 
methanesulphonylI-S'-tritylthymidine which on heating with sodium iodide or lithium 


bromide in acetone. was converted to the 3’-halogeno-3’-deoxy-5 -tritylthymidine. 


Detritvlation of gave 3’-iodo-3'-deoxythymidine, 


which was readily reduced by catalytic hydrogenation, to 3'-deoxythymidine 


X\-ra ryst illo- 
e Cavendish 


= 
L 
a 
: 
‘ 5 < 
ol. 
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\ similar series of reactions culminated in 5'-deoxythymidine. Acetylation of 5'-trityl- 
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hydrogenation, yielded thymidine-3’-phosphate, quite different from the natural 
nucleotide 


st, due to 


strong 


iit acid a 
-phosphate cl yn of optical 


nce uridylic acid + has 
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been prepared by deamination of cytidylic acid b, this evidence would apply equally to 


the orientation of uridylic acids a and 4 


rhe problem of synthesis of the purine deoxynucleotides was complicated by the 
extreme instability of the purine deoxynucleosides and their derivatives to acid, and in 
the case ol deoxyguanosine by low reactivity of the 1 ucleoside towards certain acviating 


1 were however, essentially sin ilar to those used for the 


pyrin deoxy! 
Preparatior ld ade F f deoxyadenosine followed 


by acetvlat and a ig genation gave such lov vields 


(due to ie gl linka that tl ss for preparative 


pul poses 


vave reasonable 


fron diacet ue ‘ acied 
distribution. Compar ’ he two monoacetat 
tic 3'-acetyideox 
yield as 3 -acely d 
The 
de \ 
e time Dase; 


deacety! ited 


Deacet 


calciu 


e two onoacetates Since no 


reference comp n ; ) ng -tritvideoxyadenosine was available, 


orientation of the two acetates ‘ ac! \ by a direct comparison of the mono- 


acetyldeoxyribose liberated on mild acid hydrolysis of 3'-acetvideoxvadenosine, 
and the two deoxyguanosine monoacetates. Differentiation 
of 3-acetyl-2-deoxyribose was possible by paper chromatography, in several solvent 
systems. Correspondence with the acetyldeoxyribose from each acetyl deoxyguanosine, 
* H. Hayes, A. M. Mic on and A.R. Todd J 

*= N.S. Corby, G. W. Ke f 1A.R. Todd J. Chem. So 
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A 
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Phosphorylation of 5’-acetyldeoxyadenosine with dibenzyl phosphorochloridate 
was not sauusiactor Howevel! vith phosphoric 
anhydride ine onoacetate gave a reasonadic eld ol 5 -acetvideoxyadcenosine-5 
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exchange and paper ) pn 
ec ae For the synthe of the corresponding deoxyguanosine phosphates, the isomeric 
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identified the monoacetate produced in larger amount as 5’-acetyldeoxyguanosine 
and the other as 3’-acetyldeoxyguanosine. An interesting observation noted 
during these experiments on the acid hydrolysis of the acetylated nucleosides, was the 
stabilising influence of sugar acetyl groups on the glycosidic linkage. Using 0-02 N 
hydrochloric acid at 100°, the results may be summarised as follows: 

(1) The nucleosides are completely hydrolysed to purine and sugar after ca. 2 min. 

(2) Glycosidic rupture of the monoacetyl nucleosides, independent of the position 
of the acetyl group in the sugar, is complete after 5 min 

(3) The glycosidic linkage in the 3’:5’-diacetyl derivatives is completely hydrolysed 
after 10 min, 1.e. the effect of each acetyl group is approximately additive 

(4) Deoxyadenosine and its acetates are slightly more stable than the corre- 
sponding deoxyguanosine derivatives 

The two monoacetyldeoxyguanosines were phosphorylated with O-benzyl- 
phosphorous-O:O-diphenylphosphoric anhydride and the products converted to the 
corresponding nucleotides, by the methods described for the synthesis ol deoxy- 


adenosine- 


The action of several enzymes on the deoxynucleotides and their esters was exa- 
mined. Prostate mon dephosphorylated all the mononucleotides (including 
thvmidine-3':5’-diphosphate), while rattlesnake (Crotalus atrox) venom dephosphory- 


lated thymidine-5 -phosphate, deoxyadenosine-5 -phosphate, deoxycytidine-5 -phos 


phate deoxyguanosine-5 -phosphate and thei monobenzyl esters, but had no action 


: re nding 3-pl yhate id their benzyl esters or on thymidine-3':5’- 
on the correspond! « LOS] nates ane DCNZYVI CSLC <a 


diphosphate and deoxycytidine-3':5'-diphosphate. None of the compounds was 
affected by deoxyribonuclease o1 ribonuclease 

The next phase of sy nthetic nucleotide work was the synthesis of small polynucleo- 
tides for comparison with the natural nucleic acids and some of their larger break- 


down products [Thymidine was acetylated and the resultant 3’:5’-diacetyl thymidine 


submitted to a partial deacetylation treatment with dilute methanolic ammonia. 


The products thymidine, 5’-acetyl-thymidine, 3’-acetylthymidine and unchanged 


3':5'-diacetylthymidine—were separated by counter-current distribution, to give good 
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vields of the two monoacetates. The ratio of monoacetates formed was even more 


favourable than in the purine series, where a fairly marked selectivity 1s evident. 


Under optimum conditions for total monoacetate formation, the results may be 


summarised in Table |: 
TABLE 


S’-acety! 


Deoxyadenosine 73-5 
Deoxyguanosine 90°6 


Thymidine 


Treatment of 5’-acetylthymidine with O-benzy! phosphorous-O:O-diphenylphos- 
phoric anhydride yielded 5 -acetylthymidine-3'-benzyl phosphite. This was chlori- 
nated with N-chlorosuccinimide to give 5’-acetylthymidine-3’-benzyl phosphoro- 
chloridate. While phosphorylation of 3'-acetylthymidine with 5’-acetylthymidine- 
3’-benzyl-P,:P,-diphenyl pyrophosphate (i.e. the mixed anhydride prepared from the 
phosphorochloridate and the triethylamine salt of diphenylphosphoric acid) or the 
trifluoroacetyl anhydride was unsuccessful, direct phosphorylation was achieved on 
treating 3’-acetylthymidine with 5’-acetylthymidine 3'-benzyl phosphorochloridate in 
the presence of base. After the removal of protecting groups from the crude product, 
a mixture containing thymidine-3’-phosphate, di(thymidine-3 )-P,:P pyrophosphate 
and thymidine-3’-thymidine-5'-phosphate, was obtained. Separation by ion-exchange 


chromatography gave the individual components 


Dithymidine-3'-P,:P,-3 -pyrophosphate probably arises from slight hydrolysis of the 
nucleoside phosphorochloridate, to give the benzyl phosphate, which then rapidly 
reacts with the phosphorochloridate 

The synthesis of a true dinucleotide was accomplished by an analogous route sa 
Phosphorylation of 3’-acetylthymidine with dibenzyl phosphorochloridate yielded ;'- 
acetylthymidine-5 -dibenzylphosphate which was deacetylated and the thymidine 


-5 -dibenzylphosphate treated with O-benzyl phosphorous-O:O-diphenylphosphoric 


28 A. M. Michelson and A. R. Todd J. Chem. Soc. 2632 (1955) 
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anhydride to give the 3’-phosphite. Chlorination gave thymidine-3’-benzylphospho- 
chloridate-5’-dibenzyl phosphate, which was used to phosphorylate 3’-acetylthymi- 
dine in the presence of base, to give the fully protected dinucleotide. Acid hydrolysis 


to remove tertiary benzyl groups, followed by alkaline hydrolysis to remove the 


acetyl group yielded the monobenzyl dinucleotide. Catalytic hydrogenation gave 


5’-phosphothymidine-3’-thymidine-S’-phosphate, isolated as its crystalline calcium 
salt. By-products of the reaction also isolated were thymidine-3':5’-diphosphate and 


di-5’-phosphothymidine-3'-P ,:P,-3'-pyrophosphate. 


The variou 
better n 
phosphate 


suppresses diss 
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is thymidine phospnales Cal e ¢ cterised DY paper cnr apny: a 
od howevel paper electroy ‘ in 0-1 M pot m dihydrogen 
ind in 0-1 M disodium hyd YS ite. While t € lvent 
dent on the number of pr ry dissociations o1 (apart fro! t due to 
dissociations are o portance. Compt dentincation can there ‘ sned 
by n botl 
As expected, p ed prostate ynoesterase removed the te te from ; 
material prepared synthetical Su mic ospnhate 
F f 
from di -phosphothymidine)s P -“pyropnospnatt ed rattie- 
midine and | mol. of th idine-) -phospnate, while the dinucieotide \ 
12 
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These results are in accord with expectation and are in complete agreement with 


those obtained with solutions of dinucleotides prepared by enzymic degradation of 


DNA and so provide direct synthetic support for the structures assigned to them, and 


hence to the ) -linked polynucleotide structure of DNA 


he outstandins le mic 


al problems in deoxyribonucleic acid work concern the 
occurring d oxvnucleosides. development ol methods?’ for 


and tri-nucleotides, and the 


egree when the 


: 
_ 
‘ 
synthesis of the naturally 
“ey tne u cr OT | urine and | Vrimiaine dl 
polymerisation of deoxynucleotides or nucleotide derivatives to 2 
7 product could legitimate be called a deoxyribonucleic acid As far as the gross ee 
molecule s concerned. a su ipnie mel for the determination ol sequence in tne 
poryvi cleotide chall et to De Gevised 
H.¢ K Pp T ¢ H. Po 5 9, 100 
Vo 
2 
10 
4 
! 
4 
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ELEMENTARY MOLECULAR ORBITAL TREATMENT OF 
CYCLOPROPANE AND CYCLOBUTANE 


G. S. HANDLER and J. H. ANDERSON 
35. Pennsylvania U.S.A. and Plate Glass Fellowship, 


boratories, Pittsburg! 


ttsburgh 13 ennsyivania 


26. 


Abstract A the nal orbitals 
> 


a simple 


ONE of the unsatisfactory features of § the artificiality of its 
treatment of cyclo It has long been known that it is ble to form 


-atments 


nv’ so- 


do not 


3 
: 
Westinghouse Research La 
Me In te) 
Vol . way, ana correctly preaicts several properties of these molecules 
orthogs sp-hydrids with bond angies of less than so that current tra 
.: either HE overlap orbitals along the line of centres of carbon atoms, formima==a= 
4 called ““*banana pond or eise il UAC mount Ol 7-bdo 1d rinti s substance.” 
oe It is the feeling of the authors that, for s cases at least, the requirement of ortho- 
tate gonality is too stringent. If an MO is formed from LCAO’s 
y 
where epres ( erpreted in 
tel sola Di | adait tv the AO n at If these 
: AQ re not ort ( e MO ’ O ed to represent 
der dis Most ire 
( { ond 
4 
MO 
160 J 
4) 
44 
4) \ 
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146 
int Let us drop the orthogonality requirement for the orbitals that will be used to = 
form bonds na titute if its ce ement that the orbitals have 
maximum bond for powe! the P ense. [his latter ts suggested, Dut in 
Vc 
te 
| 
\ \ 
Ong 
| to be « B H 
sorted by Gii d et al.™ 
ind H-C-H a ol 
‘HH. K. Met Chem. Phys. 25, 768 (195¢ 
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Since n liately clear how th teraction of n ogonal orbitals 


will aflex en rw 
ill ‘ ( u \ we next set up th C bonds 


By svmn 


a 
Labelling the orbitals as indicated in Fig. 2, we have 
| 
H H H O 
Vol. 
10CR 
— All other 7 ind S \ tf rd < j lar 
parts of the wa | Nal 
part j H ise De 
Sett / ihe 
0 0 
Iw oO 0 
0 wi 0 
U (i) 
{) {) iyi 
iW 0 0 
This equation may be s lina variet f ways. (See Al ix 1.) The roots are 
/ 
} 6? 
».7 
Putting electre nto the three lowest levels and remembering that 0, we 
find for the total energy 2 
/ 60 
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AO’s is the same as above with J 0 and / replaced 


4 treatment with orthogonal 
fi ving three roots and three W 


ant now 


hat the absolute value of / 


ble conditions, we conclude, 
»onal orbitals leads to a 


ron to the 


bis 
= 
The total energy is 6 68. Since it is clear 
es is a maximum for orbitals that overlap under the best pos Pe Be 
to this approximatior at the treatment us nonort 
4 
ae somewhat improved energy. A fuller discussion would call atten increased Bee 
ae nterelect c repulsio 1 kinetic enereg ssociated with the confinement of the aa’ 
‘ 19! 
V3 \ 
Y 3 \ 
A ( ( ) | | ( \ 
te 997 H-C-H ali 
A R ecenuy W Cas ed 
caro J | I ter tnan 
V13 Vv 13 
R ‘ ( | 73 
H.C.B R.S.} R. BJ 73. 212 (1951) 
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793, considerably less than the F of the orbital out of which 
Since the transition state involves not only 
H bond, we conclude 


For this orbital, / | 
it is formed in the course of the reaction 


the removal of a chloride ion, but also the weakening of a C 
the energy requirements of the transition state are very high and the reaction 
very slowly, as indeed it does 


proceed vet 


APPENDIX |! 


be factored by using symmetry orbitals (SO’s) 


ition of the SO’s is straightforward 


yns. Determi 


do not use explicitly the 


metry, since we are 
concerned o Thus we use the symmetry 
for cvc/obutane e consider first cyclopropane. 


diagonalize appropriate symmetry operators.” For 


group ¢ 

lo find the 
cyclopropane we can cor form SO’s which diagonalize the rotations about 
the threefold axis by taking the lin nbinations 


1) 


U we have 


where exp/tla2a DP). orael 
qd D De however, 


two linear combinations 4, dy 
another set of symmetry operations, 

through the symmetry axis and the 
diagonalized. The pair of function 
SO’s which belong to ; 0 and are, 


{ ) with respect to 


For irbon atom we 


lerent ones are: 


hoose 


(4a) 


(4b) 


: 
Factorin the secular eq 
Equation (1) of the t nay 
rather than the ¢ is basis functi 
using either group theory’ or alternative methods which 
formalism of group theory.** 
Vol. 
1958 
Soe reflections in the three vertical planes passing 
2 ae three carbon atoms, may simultaneously be 
— above may be added and subtracted to give 
respectivel symmetric (+-) and anti-symmetric 
flections: 
Lo + by) + (bo + + (2) 
\ 
j 
y 
The normalizing factors NV, and are 
\, V Of | J) 
N V 6(1 J) 
HE «as the initial one in the sum (1), but the only essentially ( hh __ 
i\@ Dy») (Do Do») Vi De Da») 
\ 
*( de (do »,,)] 
\ - = 
17 M. A. Melvin Rev. Mod. Phys. 28, 18 (1956) 
j 1® John C. Slat I cS f Ato ind Mol. Tec cal Report No. 3, $ State and 
i cy Molecular Theory Group, Massachusetts Institute of Technology, Cambridge, Massachusetts 
2 
ae 
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These functions do not have the property of being either symmetric or anti- 


symmetric with respect to reflections. Indeed reflection in the plane through carbon 


atom | converts (4a) and (4b) respectively into 


(Sb) 


metry orbitals obt uined by 


te as are 


where, as the notauo 7 and are 
substituting into (1). We conclude that and 7_, are degencra 
JY, ana 
. Lisine these s\ etr orbitals as our Dasis I ctions rather than the atomic Vo 
oe orbitals 4,,.,. we conclude that nd yo. are already MO’s, since they can combine 2 
ony Wil SU Ss l ine ( re SUC rity 
indene ac rt SO) s | ed | H ) CVel na ao ave the same 
\ 
\ 
we ca DCrLy 
| 
| 
4 
j 
ag Ihe bracketed | tions are degenerate pairs 
4 
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lhe procedure for cyc/obutane is similar except that the treatment of Cy, symmetry 


is in some respects simpler. The MO’s are in order of increasing energy: 


— (do, Do (db, )] 
V6 


0-51(—¢ bs 0-07(¢, 


0-51(4 
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Multiply 


Ye + (Pe b»,) + + (Dy 
V 10 
| | | 
Vol. 10 
1958 
‘| | } (d ) m™) 
\ 6 
| 
ae Seve matters to ed upon in 1 iin text deserve a somewhat extended 
a discussic Prob t] ost important point is the assumption of F = 2 for 
fos issumption arises, of course, from the 
It iS Sé le t 1 for orb slowly 
ti fint FEF the H-C—H i guilt ipid so seen 
to | ent era in On the basis 
of this, then / chosen to be 2. A in the measured H-C-H angle, | 
nea ‘ / woul ‘ t ¢ tne oinel 
p 
Hf A 
C fi H CK OL Ut 
: Ni 
/ 
\d, H'd JI 
: 
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We require 


and 


Eliminating / 


States 
vanis 


trophe 


fe . 
j 
1® He Ji A le \ 
\ JO 1 JK, 
Since A and A nave the sa e sign ana tne Sa waer OF Mag Luae, 
we expect |A IK ~ iA so that the approximation 1s almost certainly 
oa. not any more serious [tor the nol rinogonal ¢ than tor the orthogonal | es 
a 
~ 
calc the rovement caused b e aband ent of orthogol ity, the error 
\ point co lit It iy be shown that the energy 
fact ‘7 ul ‘ | Iwo Ciuc ic ‘ ij oduct 
| I 
a wave clio vhereas t the Pauli I ple does not pe t simple 
prod cl cuons Ihe s Shere y De Ca y reieri Appe 
a 
| As J—> | Ye e inrec indepen t AO rather than $s! so 
we may ec MO's approac r ) 
» > ind | » i) Since ire vil tne 
ind / 1 dctel t constructed out of these functions would 
as 1. In other words, the Pauli Principle not permit the “catas- 
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An example of merged bimolecular substitution and elimination 


( Receit 
WINSTEIN, DarwisH and HOLNES ive ntly postulated the existence of 


su 


a new mechanism of 
simultaneous and £, reaction Call merged substitution and elimi- 
x H o R CH CH HY x (elimination) 
Vol. 
2 R—CH.—CH.—X — Y >R—CH,—( 
1958 
Y w » R—CH CH. Y x (substitution) 
ntermediate) 
| est t el iound lence 
W 14 e (1) treate ith 
I op te in tne C etrically I secona- 
: 19-04 oO 7 for the parent comy exy! 
to i] pro t OVE ol 
nat | d Il exist 
I tne ‘ 
I ec ble 
| tants = 
\ ‘ nliis 
nin ll f ttack ) e axial 
Te 
> 
= 
Te OTs 
h bul 0 0-82 \ i ell 
heen 
5.R.C.H Soc. 4102 (1954 
1M ( Soc. 75, 4 H.C. B I. Morit ind 
Okamot 78 
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Notes 


utoxide, the very slow climination rate of I with this base 
/ nchoton the decrease 


$0 a8 to keep the 


Resonance energies of two unusually stable hydrocarbon free radicals 


354 
have ancven larger Steric requirement tha} t-b 
is < ck cve n the b 
pare und I, t ereas the int ef Il is converted y to « tion and partly to sub i 
CH.) CDCHOTsCH 
| EXPERIMENTAI 
kK 
4 
} 
¥ 74, 528 r calculations and 
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Notes 


{a group from the position 


Vol. 
ont | by diss 


| 1\ r manner 3-2 

D1 1-8 I and IV 

sti wht to be about 


appears to be 


f Maurice M. KREEVOY 


( \ 
vi 
: *N R Nu Analysis 

Relation between the “‘regular’’ and Kekulé structures for benzene 
) 

In P to 

the 


87-3 
* 
H $4 f nd 
en 
ne 
\ es 55°C 
i) Pr) 
iP (x UU 87-2 en it 
Dec ( ceeds 
| | to the 


WOO 


: 
‘ 
KCa OK 
The fact that energy while | actual 
‘ somewhat more stadic may De duc lk teric inhibition to coplanarity in IV 
an 


Stereochemical control of some reactions of strychnine 


R 


356 Notes 
Kekuleé structure is the t of possible stort It y be assumed that the Pauline bond 
IN the ecluck f the cture of s Rob erpre f an extend es of 
nine ' 
circles. Bonds 2 
by broke ‘ R hex f the 19) 
reve 
‘ 
' 
R.R 130 
10 
Pr \ y 
‘J, H.R C. A.B 4,2 C.B Lc.s 
B 4 
A. F. P 9, 824 
a H. Leu P.B 43 
°C. K. I \/ | 
*M. Kotah B il \. K 
A. Sk H. k ( 44, 2862 A. BE. Oxf W.H.P und 
R. Ro J ¢ 
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Hence it seems certain that dihydroxystrychnine from the former reaction has the 


tion 
tion shown in (11) 
More prok oxidat rmang i hninonic acid (III; R 
CH,CO,H) formed 0-lacta able ire 
ite ( is the amide (see perspective partial 


because the 


acid by either cat ogenation 


lic, SO 
hnimonic 


yt 


ccordingly 


nisms 
VILL) or 
yn LX, in 


coeiectronic 


tion shown 


unolone-A (\ 
sroup to be 

or steric 
ninonic 


rierence 


= 
4 
formula (1V) 
R n of the carbonyl group 0) of strychninonic 
or Son pro y es aac ( re accessidie top-sice OF I 
that strychr acid has the fo 1 (V: R = CH,CO,H). The epimeric dihydrostryc 
Jo a fo ed as (VI 
N ~ N 
Vol. } 4 
2 N N 
7 Holmes duced as furt ‘ ce for the cor ( ' chninonic acid 
the « on st i! te e. Hi ever, the 
OH H OH © OH O 
a 
SN. CH ( CH 
OH ) C OH O 
19 20 21 22 
> 
sN—< OH >N—C—C C—OH 
. 
Vill 
vmmetry ( st The protor enolate 10n W SiC 
f of ( ydrogen bond, giving the c« 
' V1) (partial perspec e lk (X)) 
Models of strychninolic ack \ R CH.CO,.H) and hydroxydihydrostrychr 
R — H), set up with the C lds” atomic mode the «-oriented C,, hyd 
nreasit st 1 ( n. In dihydro V1) there 
pre 
idl: R CH.CO,H) and hydroxydihydrostry« none-A (IIL; R H) there is no 
L. Cromt } ( 6, 1 (1952) 
H. | Ber ) ( ( 41. 1711 IOS 4 
H. | iP. BR / 43, 24 1910 H. Leuc ind L. E. Web« It 42, 3703 (1909). ‘ 
R. B. i H.R. B or Py 37, 20 1951) 
V.P icta 28, 1669 (194 
*H.1 W.S Ber. Dt ( n. Ges, 42, 2494 (1909) F 
ese R A r, Chem. 8, } 
S. Hart / iday 48, 847 (1952) 


(il CH 
1 CH.CO.H 


give 


a 
358 Notes 
2 
H* 
> 
between the oxvgeen atom and the carbonv! oxveen The different degrees of steric compres- 
in 
Vo 
ga strychninoione-A (Al) is | adly tac ite y the clive eflect of the carbdony! group 
It has b . nat lily 1 
than doc ecaust etwee 
explain why the same orde ist 
group cal De sigi nt 
i 
N 
. 
> 
Whe base A (XI B (XIII ore 
greatc St eac out bond 
(e.g. to the ) ychninolone-A, 
r & Ind. (R 1955) 
Leuc G.S Ber. Disch. Chem. Ges. 47, 1552 (1914) 
Ad H. Leucl iW. B Ber. Dtsch. Che §2, 1443 (1919) 
V. Prelog, S. Szpilfog iJ. H Chim. Acta 30, 366 (1947) 
‘ 
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ically stable strychninolone-C 
intermediate anion(X) 


The formation of strychninolone-B before the more thermodynam 
ion of a proton to the common 


is an example of kinetic control, the addit 


taking place more rapidly at the centre of the mesomeric system 
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Synthesis of 5:5 '-bi-isoxazole 


1957) 


(Received 8 N 


CH(OEt) 
CH(OEt) 


5’-Bi-isoxazol of 
faint pleasant od Its chemical 
Quiico, G. Gaud 
G. Grard ( 
F. Bohlman 


Amer. Chem. 4, 422 
Vol. 
2? 
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ALTHOUGH a number of substituted bi- izole de tive e been reported in the literature, none 
: of the six fundamenta embe (1) whic et etic nossible w known unt 195 Only 
4 
marnes nob mide ct (il) ‘ Chie 
> 
now sy sisea 0 V) 0 CAC ent tre I Hindial 
tetraethvlacetal (1V) ydroxylamine Iroc 
(srarc eportesr he preparation of (IV OXIGallor i p ) de acetal 
Since the preparation of the tter 1s difficult C f(1V) po ne thesis of (1V) has 
been achieved by conde! tion of diacetyiene oro et ort nate 
( ( MeBr ( 
2 HC(OEt) —> 
C=C—MgBi 2 
: 13 12 pp.) : 
£ 
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behaviour corresponds hat of simple isoxazoles with a free 3-position: accordingly, it 1s readily 


isomerized by alkaline alkoxides solutions giving the sodium salt (\ Il) of 3:4-diketoadipic nitrile (V1) 


ONa ONa 
Vi 


in alkaline solu 
f (VIL) turn 


EXPERIMI 


of NH,O.HCI« 


of th 


forn 


eq ove SO, 
Recryst 
for C,H,O,N 


ds. Gs AUDIANO 
L. MERLINI 


N H. CN ; NC CH=C——C=CH—CN 

¥ 
tions, the ec t Vi ) extreme vile A gue 
rapidly to< nge-res cater ordinary temperature with dilute acids, owing 
to the formation of « d 

The study 1 the c nica per Ca of the two svmmetrical bi is xazoles is in 
at progress and wi be reported te 
Hexadiindial tetraethylacetal (1V). Diacetylene ed in anhydrous ether (15 ml) was Vo 

slowly int luced cont ‘ nagnesium bromide pre- 2 
ar, 

fo t least I i empera tilled. Towards the end, the 

ke temperature of the bath w ed se | for 5-10 min. Ethyl orthoformate ‘ 
(48 2) dis ed in 501 benzenc period of 10 m inder continual 

cooing ana si The re isc t Tor 1} ne The brown semi- 
ice-water. The benzene Se] ted er extracted with ethe The combined 
formate by distillation at dina pres 10-15 g ol b.p. 142 mm, with 7 1-4686 

Yield 40-65 percent (1 66°09: H. 8-69. Calc. for ¢ H..O ( H, & per cent) 
5 :5'-Bi-isoxa (Vv). ut f 3-4¢ of (IN f ethar s- 
emoved ry perature and t stean The aqueous distillate 
(600- 700 ch contains t b el va hid cry 
ae, from ethanol it forms beautiful needles m.p. 116-117°5° (I N, 20-6. Cale. fo 7 
xa e has cte tic t ant tat t of the 3:3'-isomet It is 
"a9 re ys vic ‘ e and ¢ i d n be recrystallised from Doing wate! 
‘ 
Ison Vi 5:5'-B xazvole (0-5 ¢), dissolved in 8 mi of warm 
anhy am ec ed n prep ed fron 0-S of Na in 
ately wit 1 heat Ace tic eal became crystalline 
The filtered s < andl wer P.O Yield 0-65 (thec 
etics 
| ae The DS Ose ent precipitation th 80 mi ol 
anhvd It f vate! the s ition 2 ne an 
intens< . 1 c re tor th t the salt contains two molecules 
of water (1 1): Na 22-1. f C.H.O.N.N N. 12-9: Na, 21°9 per cent) 
(Found: N 4: Na, 23 ( CH.O NN H.O: Na, 23-2 per cent) 
A. OvTLICO 

= tro j VR 
Cen 

4 
ame 
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conversions of pyridinium salts and syntheses of 
y-amino-substituted pyridines” 


phenoxy- and 
les(1) with 
the aryl- 


N-2,4- 


' e salts (III; 
OAIk em t tl n npou nam N-phenyl- 


imino pyridinium bromide (IV), obtained as pa OV m.] 2-193 


ul anilide 


F. Vompe rit Ma and cv / kad. Nauk SSSR 65, 
F. Vompe le 4: Moscow (1951) 


bert Dissertation, Dresden (1913) 
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PRELIMINARY COMMUNICATIONS 
New 
Vol : IN an earlier pape i ttempt to efiect the p I rir - re if KOXY-, f 
metnhyimercaptlo 1Ostil ] yriagines DY ny iN | ] 
» beir by { erc phenoxy p. to form 
i 
dinitropheny! rvia | ] il 
AUx 
+NH 
4 
Later the ft | KOX yimercap phenoxy)pyridines was 
‘ effected by tre ( tic Alkoxy(methyl- 
mercapto-, phenox) ted tac e al nilide hydrobr e obtained 
R 
ArNH—CH—CH—C—CH—CH=NHAr 
R:AlkO CH.S C.H.O 
Of these compounds the KOXY ive Deen § y ul talline state 
Part rly unstabk e the Kly dec en heated The 
prepa tions on bein stored. especially | I € s crystalline 
ne substances impregnated witl ehyde e hydrobromide 
time 
Ss newhat more stab Yet 
Ar C,H R 
phen y 
* Translated by A. L. Pumpiansky Moscow F 
hydrobromid 
| 
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lary communcalions 


H,.N, Br 


2 
162 
(Found (after drying t 40-50"); N, 82, 839; Br, 24-45, 24-68. Calc. for 
8-57: Br, 24-44 The format f compound (IV) proceeds according to the general scheme 
65 
Vo 
( 2 
10 
‘ 
q 
i 
Ke e methiodide with aniline at 
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iso Ded ound that the exchange of the aryiamino group for the phenoxy group takes 
phenoxypyridine hydrohalide and the ar atic amine 
he phenoxy group takes place 


ind aromatic amines. It has thus been 


imine partici or This 


*Menoxypyridine 


The structures of jaconecic and isojaconecic acids 


“a 
wer 
It has 
piace Ca 
oh 
or the sa 
har stir 
hown that bot! nhenoxvovridin ition and the 
show oth phenoxypyridinium cation and the free 
naturally iggested ca ng t the reactor i with the salts of iliphatic 
~ 
ee mines aS Well as wilh a mium saits, € ammonium chloride. It has been found that the phenoxy 
ee ie an ‘rroup can in this way be substituted by the amun up or substituents of primary and secondary 
iliphatic nes. TI y-phenoxypyridine and cyclohexylamine hydrob le at 200-210 : 
os ean for | yvclohexy pyridine was obtained in 72 per cent yi colourless prisms from ether) 
i 
IMINOpy ine was syn Dy heat phenoxypyridine wit limetny nit ny bromide 
fo + 190.000 Yield 8? DE cent oO ess plates m.p 17113 Dic 104206 
f ref. 6) 
Vol . t nop ine \ 1 90-95 p cel dine 
1958 The prepara pyridine pler at 
theses of K Greiner’ and He Overhoff.* These 
\ 
4 | 
) 69. 4 } Ch 
18, 
{ t A ~ 
R 
‘ tos ( H..O.N DY Ad (sianturcs it il 
er tiona nce st ture (II) 
necic ac Ho) tovethe vit ne cid is YMained fror cobine 
wconit he one (¢ would also be a expected ctl tne alkaline 
R. B. Br BL. Ww fust. J. Ch 9, 258 (195¢ 
i R. Adar M. Gia r B. L. \ Duuren J. Ap Ch 5 78. 3513 (1956) 
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nas shown 
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Wdrolvs ent was apparent ywverlooked by the American’ am 
P ecic acid negative and positive reactions 
3 ecK ‘ That is conecic acid ar 
x f the lit nmium hydride reduction 
: pre ct iconecatc uch consume Ul an Vo 
Ae vields { e gives an acetate anhydride (C,,H,,O, 19! 
vt B three fewer carbon atoms betweer 
ca by I i] ; further confirmed Dy the ; 
ny H pts to prepare an a 
it ecic ac vields dimethy 
CH,.O ‘ wconecic acid 18 Dut 
: lo} ittempt id three carbdon al 
if pos nit ted on the grounds 
ti | ce j < itn ( 
ex < Lny Ip aireauy pres 
. I fixes the ng structure of the 
VI DY than two carbdon atoms si 
: ; fo vil \ e resemblance of (VI) 1 onocrotalic acid (X) 
rm cid (LX) the cl xdilactone (VI), whic 
methy : VIII) sec lary rather than primary No 
struc \ ecic ac I that given fo wconecic ack 
I] | xr nental results. The resistance 
ort cK i acid hyarorysis paralleled 
by s UD it hromon toxininic acid 
\ ¢ ‘ y of jac e compared with 
ie towa hydrox ’ to the catalytic effect of the liberated base, but experiment EEE 
‘ES. Z G. P.M 1. Gen. CI M 11, 835 (1941 
R.A M. 69, 5 (1957) 
B.B 9 1 (1950 
*R.B.B 
J. M. Wilkinsé Chem. Soc. 65, 2203 (1943) 
= 
H. Conroy Amer. S 79, 172 1957) 
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he chlorodilactone (V1) is not formed from jaconecic acid even in the presence of retronecine 
\ more plausible explanation would seem to be that conversion of jacobine, jaconine 
chlorodilactone to jaconecic acid involves inversion of configuration at the chlorine con- 
rbon atom,'® and that this new configuration is less susceptible to carbonium ion formation 
inism"'), or m to nucleophilic attack chloride ion (Sw2 mechanism). The 
nternal salt (XI) might also render the epoxide group 


blish a full account of this work elsewhere 


R. B. Brapsury* 


Wiley, 


papers. 


11-Alkylated steroids—I. The synthesis of 11-methylhydrocortisone acetate 


and 


lione 


OH 
Attempted additior 


undation Colloquia 
pp. 409-410. Re 
jler, Huang-Minlon and 


(1951); H. L. Herzog 
Mancera, G. Rosenkranz 


Hogg, P 1 ! 1, Schneider, B. J. Magerlein, A. R. Hanze and 


R. W. Jackso1 


nya 
ind 
tain 
(Sy 
iree ¢ 
4 less accessible to attack. It! ped 
Victoria, Australia 
* Pre add ra) yD sit Adelaide, Adelaide, South Australia 
ind R. B. H H unds (t by Elderfie Vol. I, p. 11. 
N y k (19 Ss. Vv H Lu Amer. CH 61, 157 1939 
F. A. Long, J. G. | F. E. Stafford J Amer. Chem. Soc. 79, 2362 (1957), and earlier —_—— 
Vol. 
1958 
eu il carbony! reagents is well known.’ 
With Kception of ft f t yf ter yclic aceta chemical 
cal tic re i l-desoxy steroid?’ have been reported 
if W vil cortisone acetate, illustrating the addition ol 
Ire f 2 l-dione acetate® with ethylene 
inal. Calc f ( ( -43: H, 8-2 ( 2-11; H, 844. The compound was 
nyarolvze« pot ite to the free alc 1 3-5—115 
inal. ¢ ( H,.O ( H. 8-66. | ( 4-05: H, 8-95. Re ion of Ib wit 
tripheny temperature gave the 21-trityl eth Ic), m.p 
901-203 
inal. Calcd. 1 ( H,,O C, 82-05 H 54. Found: C, 81°99: H 47. The latter was 
é met benzene-ether at room temperature 
to xypreg 5,1 0)-[ci ien-3-one ethylene acetal (II), 
mp. IR 184 
ny | 
Caled. for C,.H.«,O C, 81-8 H 99 Found: C, 81:90: H 95 om 
iodide addition of 
D. H.R. Barton Synt Metabolism of A Steroids. Ciba I 
Ena \.K \ Vil 7.1 e, B n, Boston (195 
M. | ral Pr Re Phe: (3rd Ed 
Pub \ y 4 ‘ 
B.J.M R. H. 1 { Che Soc. 77. 1904 (1955 
75, 269 (1953); F. Sondheimer, 0. 
‘ M. A. Jevnik and E. B. H / 75, 269 (1953); F. Sondheimer, O 
and ¢ Djerassi Ibid. 75, 1282 (1953) 
R. B. Moff 1 H.H 73, 19 1951) 
bid. 77, 44 D5) 


366 Preliminary communications 


either the Grignat agent o1 ithium to la or Ib gave only Ib.) Hydrolysis of II with dilute 


methanolic hvdri ' t m ten ture removed both t trityl and ketol groups, giving 


118,21-dihydro meth | |cis}-dien-3-one (Illa) 188-192 


. 
Vo 
inal. for CysH,,O,: C, H, 9-36. | C, 76°35; H, 933, Treatment of III 
with ace cetate m. 9-11 ‘ 
{na ( Mf) ( } &-97 W n lilb was 
3400 445 (OH 14 {) 63 {) He »3 ( © acetal 
tercocn Ci 
i Kala Michigan, U.S.A | 
andr hyllithium to th 1-oxo grou 
W. P. Schr 4 R_H 6. 1956 


BOOK REVIEW 


Vine: Chimie organique Générale. 


topics 


learn 


SHOPI 


io — Tetrahedron, 1958, Vol. 2, p. 367. Pergamon Press Ltd., London 
sc > 
SOMasson et Cie, Paris, 1957. 350 pp., 3.500 fr. (4.100 fr.) 
: —— THIS book, in Frencl ittempts to describe that sect n of chemistry which concerns (a) the structure 
of organic compounds and the means fo ; deters t >) the reactivity of organic compounds 
Vol. ind the mechanisms of the eact s. It 00k le but elementary information on : 
2 new developments in these fk lesigned esp se commenc! the study of organic 
1958 chemistry. or tor those ed tne na Dring their Know- 
ledge up to date. Consice of space [ e cor ¢ t the text to outline of essentials, 
Dut relerence papers I h ( Trapns ind reviews are given to 
ae The book ts divided int e parts. P ‘ ( ecular formulae and isomerism, 
the nature of chemic ds, P 4 discusses c chemic Part 5 surveys elect- 
ronic interpretations otf re Lik 
bel : The least satisf feature f the book e Chapters I and II of Part | ch are apt to be 
_ y misleading in view of the treat en | efinic al cetylenic linkage n ¢ ter Ill; in the ; 
elaborat stratior nt f tet en the ito n fact possess plana! 
i trivor svn et | ‘ ef the carb toms 
carbon ator n acct I e inc eX ¢ prese! n Oc n Baeye strain 
Apart from the fore comings, 1 t excellent picture of e hie 1S it 
concerning the 7-component of ble ( et nonents 
in ¢ N, whilst it 1s t ctive al eric efiects the me Ip car ive 
opposite signs althe nt elt ine ry ces I these t elects n tnere- 
fore be different (electrostatic a1 ntum-mec ¢ ctively). The book is remarkably free 
from errors one suc on p e 10 stated to be either 3- ¢ covaient 
There are, howeve ome on ns. | en ple ¢ mention, in connexion with stereoiso- ; 
merism. of the Fischer Cor ere © rece ork of Prek is Citric 
and ts etiect or erocil a nes I SIA embdered eterocycies 
such as piperidine at nose sugars), and there eference to the important contributions of 
Winstein on neighbouring p effects. It is to be hoped that some small additions on these quay 
will be made in a fut e caitiol 
‘ With the above rese tions, the book is strongly to be recommended to those who wish tcl 
} something in outline of recent developments in theoretical organic chemistry 
C. W. 
367 


Papers to be published in future issues 


D. H. Wuirren and D. Sreece: Carbon-hydrogen stretching vibrations in fluorocyclo- 


hexanes. 


W. Lancenseck: Uber organische Katalysatoren—L. Entwicklungslinien der organischen 
katalysatoren. 


A Bowers and H. J. Rincotp: Steroids—XCII. Synthesis of halogenated steroid 


hormone-2. and 6$-fluoro-testosterone and and 6/-fluoro-progesterone. 
C. Cuen: Estrane derivatives—l 
R. F. Hutton and F. H. Westuemmer: N-methyl! dihydronicotinamide. 


N. L. Wenpver, R. P. Graper and G. G. Hazen: The Favorskii rearrangement in the 2 
formation of 17-methy! steroids. The configuration of C-17 bromides 


F. SCARDIGLIA and J. D. Roserts: Reactions of non-activated amyl halides with nucleo- 


philic agents induced by alkali amides in liquid ammonia 


S. Wonstern, E. Attrep, R. Heck and R. Giick: Neighboring methoxy! participation in 


solvolytic nucleophilic substitutio 


r) 


J. E. H. HANcock and H. W. TaBer The structure of Lagidze’s cyclobutadiene deriva- 
tives—I. The “C,,H,, hydrocarbon 


W. E. NoLanp and D. N. Rosinson: Electrophilic substitution in skatole and its derivatives 


J. KENNER: Some mechanisms of oxidation 


D. Hervert and A. E. Maret: Studies on pyridoxine and pyridoxal analogs—I. The 


synthesis of substituted pyrid nealdehydes 


J. ROMO The addition of hyvdrocvanic acid to \*"-pregnen 20-ones 


B. D. Twak. M. K. UNnNi and K. VENKATARAMAN Anthraquinone and anthrone 
series—XXII 3:4:9:10-Dibenzopyrene and pentaphene from ndanthrene scarlet 


4G) and Mavvat OT lant red Al 
H. RINGOLD and G. Stork: Steroids—XCIV. Synthesis of 2-methyl and 1, 2-dimethy! 
estrogens 


4. S. Bamtey and J. R. Cast 4:6-Dinitrobenzofuroxan, nitrobenzofuroxan, and benzo- 


trifuroxan; a new series of complex-lorming reagents lor aromatic hydrocarbons 


M. S. KHARASCH and G. Sosnovsky: Oxidative reactions of nitriles—I. Autoxidation. 


M. S. KHARASCH and G. Sosnovsky: Oxidative reactions of nitriles—IIl. Reactions with 
-buty! hydroperoxide 

F. Gocan. A. E. O'Brian, E. M. N. S. O'Connor, R. F. Timony and T. 
WHEELER Claisen—Maase rearrangement Of enol esters 

R. D. Witson: Naphthaquinones—| The molecular structures of some halogeno-2:7- 
dihydroxynaphthalenes 


A. K. GaNnGucLy. T. R. SesHapri and P. SUBRAMARIAN A study of leucoanthocyanidins of 
plants I. Isomers of leucodelphinidin from Karada bark and eucalyptus gum. 


R. Angya. S. K. Muxersee and T. R. SesHapri: Synthesis of benzo-furan derivatives—Il. 
A new synthesis of visnagin 


4 
= 
3 
: 
| 
| 


Papers to be published in future issues 369 


KuTsuMA and S. SUGASAWA: Partial hydrolysis of diethyl y,y-diethoxycarbonyl- 
pimelate: a preparation of ; ,y-diethoxycarbonylpimelic acid. 


Cocker, N. J. H. Dopps and T. B. H. McMurry: The chemistry of santonin—V. 
Some reduction products of 118 (H)-santonin. 


Seicet, F. Wessecy, P. SrocKHAMMeER, F. ANtony und P. Kiezi: Uber die Einwirkung 
von Alkalihydroxydlosungen auf o-Chinolacetate. 


. Fusco and S. Rossi: Asymmetric triazines—XII. Reaction of phosphorus pentachloride 
with 4-nitrosopyrazoles. 


_H. Briccs and R. C. Campie: The extractives of Vitex lucens. 

. Dserasst and O. HALPERN: Macrolide antibiotics—VII. The structure of neomethymycin. 

i. R. CLemo: Some aspects of the chemistry of cigarette smoke—I. 

_ Wiesner. Z. VALENTA. W. A. Aver, L. R. Fowter and J. E. Francis: Annotinine—Il. 
The complete structure 

. HIRSCHMANN and F. B. HirsCHMANN: C-22 ketals related to the sapogenins. 

. Kusota: Volatile constituents of black rotted sweet potatoes 

N. The alkylation of pyrrolidine enamines. 


M. Micovic and A. STouILIKOVK The condensations of polyhydric alcohols and 
monosacchanides with cyclopentanone and cyclohexanone 
HELFERICH und M. BurGporF: Uber Derivate der D-Xylose 
Leete: The biogenesis of annotinine. 
T. Contey and F. A. Mikutski: Abnormal Beckmann rearrangements in polyphosphoric 
acid: benzil monoxime and benzoin monoxime 
Lioyp and J. S. SNeezum: The preparation of some pyridinium cy« lopentadienylides. 
H. Rep: Stable [l-electron systems and new aromatic structures 
WitTic und V. SCHOLLKOPF: Zum chemismus der Halogen—Lithium—Austauschreaktion. 
T. Ecmore and J. R. OGLE Acyl thiocyanate on the nature of Clemmensen and 
Heitmann’s “Glycollyl and lactyl thiocyanates”’ 

G. |. Fray: Reaction of phloroglucinol with sodium borohydride 

J. MEINWALD and O. L. CHAPMAN: The rearrangement of scopinone to meta-hydroxy- 
benzaldehyde. 

C. R. Patrick: Some aspects of the thermochemistry and thermodynamics of fluorocarbons. 

C. CHIURDOGLU et J. Decor: Contribution a etude des composes sesquiterpeniques Il. 
Etude de la structure du bicyclovetivenol et du tricy« lovéetivenol, lcools primaires de 
l‘essence de vetiver 

H. M. Smirx, J. M. Smiru and F. S. Sprinc: The triterpenoids LVI. The chemistry of 
the soyasapogenols 4. B and ¢ 

| CHMIELEWSKA,. J. CiesLAK, K. GorczyNskKA, B. KONTNIK et K. PIATKOWSKA: Structure 
de la vangonine. Etude spectrographique dans l’ultraviolet et l’infrarouge. 


F. P. et G. Ourtsson: Le Dipterocarpol Il. Stéréochimie en C-13 


et en C-l 


P. K. Grover and T. R. SesHapri: Preparation and constitution of isopinastric acid. 


W 
| 
( 
Vol. k 
1958 
\ 


ERRATA 


K \ VATSURO 


| 
M | K ARACHUNI‘ y a d 
| | | | 
Tetra 1. 317-327 (1956) 
= 
On p. 218 ref d fer to the second equatior 
| | | by | 
sale 
| 
2 = 
| 
| 


Vol. } ( ) 
- 


